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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a steering device that
is equipped with an electric motor so as to provide steer-
ing assist force for the pivoting operation of a steering
handle and a control method for the steering device.

2. Description of the Related Art

[0002] An electric power steering device according to
the related art is equipped with an electric motor so as
to provide steering assist force for the pivoting operation
of a steering handle, and adjusts the steering assist force
by controlling the electrification of the electric motor.
Such an electric power steering device is supplied with
source power from a vehicle-mounted electric power
source device. However, in the case where an abnormal-
ity occurs in the vehicle-mounted electric power source
device, the electric power steering device cannot appro-
priately perform the control of the electric motor. There-
fore, for example, an electric power steering device pro-
posed in Japanese Patent Application Publication No.
2005-343323 (JP-A-2005-343323) adopts a construc-
tion in which when the power source voltage of the ve-
hicle-mounted electric power supply device declines and
reaches a first reference value, the maximum drive cur-
rent of the electric motor is restricted, and when the power
source voltage reaches a second reference value, the
motor control output gain is reduced, and when the power
source voltage reaches a third reference value, the out-
put restraint control is performed.

[0003] Besides, an electric power steering device in
which the electric power supply device that supplies
source power to an electric motor is constructed of two
electric power sources is also known, for example, in
Japanese Patent Application Publication No.
2007-91122 (JP-A-2007-91122). In the construction
equipped with two electric power sources, if one of the
electric power sources fails, the electric motor can still
be driven by using the other electric power source so as
to obtain the steering assist force.

[0004] WO 2007 066487 discloses a vehicle steering
device and method according to the preambles of inde-
pendent claims 1 and 12.

[0005] However,inthe case where one of the two elec-
tric power sources fails, if the electric motor is driven and
controlled by using the other electric power source with-
out any particular change or the like, it becomes difficult
to make the driver aware of the system abnormality of
the electric power steering device. For example, even if
the system abnormality is indicated by turning on a warn-
ing lamp, or the like, the driver sometimes does not notice
it. In such a case, if the electric motor is driven and con-
trolled by using the other electric power source (the elec-
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tric power source that is normal) without any particular
change, the source power supply capability of that elec-
tric power source rapidly declines, and the system stops
inan early period. Besides, the steering assistis suddenly
lost, thus causing considerable discomfort to the driver.

SUMMARY OF THE INVENTION

[0006] The invention provides a steering device for a
vehicle that makes a driver of the vehicle aware of an
abnormality of one of electric power sources in an early
period if such an abnormality occurs, and that favorably
maintains the source power supply from another electric
power source so as toincrease the length of period during
which the steering assist can be performed, and a control
method for the steering device.

[0007] Afirstaspectoftheinventionrelates toavehicle
steering device that includes: a steering mechanism that
steers a wheel of a vehicle upon steering operation of a
steering handle; an electric motor that is supplied with
source power from an electric power supply device in
which a first electric power source and a second electric
power source are interconnected in parallel, and that
generates assist force that assists in the steering oper-
ation of the steering handle; steering torque detection
means for detecting steering torque that is input to the
steering handle by a driver of the vehicle; and motor con-
trol means for controlling driving of the electric motor
based on an assist characteristic in which a relation be-
tween the steering torque and the assist force is set so
as to have a characteristic that the assist force increases
in accordance at least with increases in the steering
torque. The vehicle steering device includes: first electric
power source abnormality detection means for determin-
ing whether or not source power supply from the first
electric power source is abnormal; second source power
supply capability detection means for detecting source
power supply capability of the second electric power
source; assist characteristic switch means for switching,
when it is determined that the source power supply from
the first electric power source is abnormal, the assist
characteristic from the assist characteristic set for a time
when the source power supply from the first electric pow-
er source is normal to an abnormality-time assist char-
acteristic in which the assist force relative to the steering
torque is set lower than in the assist characteristic set for
the time of normality; and assist characteristic alteration
means for altering, after the assist characteristic is
switched to the abnormality-time assist characteristic by
the assist characteristic switch means, the abnormality-
time assist characteristic so that the assist force relative
to the steering torque further declines in accordance with
declines in the source power supply capability of the sec-
ond electric power source detected by the second source
power supply capability detection means.

[0008] In the steering device in accordance with this
aspect of the invention, the first electric power source
may be a main electric power source that supplies source



3 EP 2 285 642 B1 4

power to the electric motor and to a vehicle-mounted
electrical load other than the electric motor, and the sec-
ond electric power source may be an auxiliary electric
power source that stores electric power the first electric
power source outputs, and that supplies source power
to the electric motor by using the electric power stored.
[0009] Besides, in the steering device in accordance
with the foregoing aspect, the second source power sup-
ply capability detection means may detect the source
power supply capability of the second electric power
source from the amount of charge of the second electric
power source.

[0010] According to the foregoing constructions, the
steering torque detection means detects the steering
torque input to the steering handle, and the motor control
means controls the driving of the electric motor on the
basis of the assist characteristic. In this assist character-
istic, arelation between the steering torque and the assist
force is set so as to have a so as to have a characteristic
that the assist force increases in accordance at least with
increases inthe steering torque. This assist characteristic
can be stored, for example, as a reference map or a func-
tion. Therefore, the driver is favorably assisted in the
steering operation by the control of the driving of the elec-
tric motor by the motor control means. The electric motor
is supplied with source power from the electric power
supply device in which the first electric power source and
the second electric power source are interconnected in
parallel.

[0011] The assist characteristic switch means, when
the source power supply abnormality of the first electric
power source is detected, switches the assist character-
istic stepwise to the abnormality-time assist characteris-
tic in which the assist force relative to the steering torque
is set lower than when the source power supply of the
first electric power source is normal. Therefore, at this
time point, the assist force relative to the steering torque
can be suddenly lowered. As a result, the driver feels that
the steering handle operation has suddenly become
heavy, and therefore can be aware of the abnormality of
the steering device.

[0012] If the source power supply abnormality of the
first electric power source occurs, then the source power
supply capability of the second electric power source
gradually declines. Therefore, the assist characteristic
alteration means alters the abnormality-time assist char-
acteristic so that the assist force relative to the steering
torque further declines continuously in accordance with
declines in the source power supply capability of the sec-
ond electric power source detected by the second source
power supply capability detection means. Therefore, the
assist force obtained relative to the steering operation
performed by the driver further declines. As a result, the
driver feels that the steering handle operation is gradually
becoming heavier, and therefore can anticipate that the
abnormality of the steering device is progressing. In this
case, although the steering handle operation becomes
heavy, the steering assist can be maintained for a longer
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time since the electric power consumption of the second
electric power source is restrained.

[0013] Thus, according to the foregoing construction,
since the assist force can be suddenly lowered when
abnormality occurs in the first electric power source, the
driver can be caused to be aware of the abnormality of
the steering device. After that, since the assist charac-
teristic is altered in accordance with declines in the
source power supply capability of the second electric
power source, the source power supply of the second
electric power source can be favorably maintained, and
the period during which the steering assist is possible
canbe elongated. Furthermore, since the steering handle
operation gradually becomes heavier in accordance with
declines in the source power supply capability of the sec-
ond electric power source, the driver can be caused to
anticipate that the abnormality of the steering device is
progressing (is worsening). Therefore, for example, even
when the steering assist completely stops, the driver will
not be surprised.

[0014] In the steering device in accordance with the
foregoing aspect, the abnormality-time assist character-
istic that is switched by the assist characteristic switch
means may be the assist characteristic that is commen-
surate with the source power supply capability of the sec-
ond electric power source detected by the second source
power supply capability detection means.

[0015] According to this construction, the maintenance
of the source power supply of the second electric power
source can be further properly performed. In this case,
since the abnormality-time assist characteristic is a char-
acteristic in which the assist force relative to the steering
torque is lower than during the time of normality of the
source power supply of the first electric power source
even if the source power supply capability of the second
electric power source is high, the driver can be caused
to be aware of the source power supply abnormality of
the first electric power source when the abnormality is
detected.

[0016] In the steering device in accordance with the
foregoing aspect, the assist characteristic may be a char-
acteristic in which the relation between the steering
torque and the assist force is set based on the steering
torque and a target current value of the electric motor,
and the assist characteristic switch means may switch
the assist characteristic to the abnormality-time assist
characteristic by shifting a value of the steering torque
relative to the target current value to an increase side.
[0017] The assistforce generated by the electric motor
can be controlled by the value of the current of the electric
motor. Therefore, in this invention, the relation between
the steering torque and the target current value of the
electric motor in the assist characteristic is set so that
the target current value increases with increases in the
steering torque. If the source power supply abnormality
of the first electric power source is detected, the assist
characteristic switch means switches the assist charac-
teristic to the abnormality-time assist characteristic by
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shifting the values of the steering torque relative to the
target current values to the increase side. Therefore, the
target current value set corresponding to the steering
torque that the driver inputs to the steering handle be-
comes smaller than when the source power supply is
normal. In other words, the steering torque that the driver
needs to input in order to obtain an assist force enlarges.
As a result, the driver feels that the steering handle op-
eration suddenly becomes heavy, and therefore can be
aware of the abnormality of the steering device.

[0018] In the steering device in accordance with the
foregoing aspect, the assist characteristic alteration
means may alter the abnormality-time assist character-
istic by further shifting a value of the steering torque rel-
ative to the target current value to an increase side.
[0019] According to this construction, after the assist
characteristic is switched to the abnormality-time assist
characteristic by the assist characteristic switch means,
the assist characteristic alteration means further shifts
the values of the steering torque relative to the target
current values to the increase side by altering the relation
between the steering torque and the target current value
in the assist characteristic in accordance with declines
in the source power supply capability of the second elec-
tric power source. As a result, the assist force relative to
the steering torque further declines. Therefore, since the
steering handle operation gradually becomes heavier in
accordance with declines in the source power supply ca-
pability of the second electric power source, the driver
can be caused to anticipate that the abnormality of the
steering device is progressing. Therefore, even when the
steering assist completely stops, the driver will not be
surprised. Besides, the electric power consumption of
the second electric power source can be reduced, and
the period during which the steering assist is possible
can be elongated.

[0020] The steeringdevice in accordance with the fore-
going aspect may further include a vibration actuator that
vibrates the steering handle, and vibration control means
for intermittently operating the vibration actuator if source
power supply abnormality of the first electric power
source is detected by the first electric power source ab-
normality detection means.

[0021] According to this construction, the vibration ac-
tuator that vibrates the steering handle is provided, and
the vibration control means intermittently operates the
vibration actuator if the source power supply abnormality
of the first electric power source is detected. As aresult,
the driver can be reliably caused to be aware of the ab-
normality by not only decline in the assist force but also
vibration of the steering handle.

[0022] The steeringdevice in accordance with the fore-
going aspect may further include vibration operation du-
ration proportion control means for increasing an opera-
tion duration proportion in intermittent operation of the
vibration actuator in accordance with declines in the
source power supply capability of the second electric
power source detected by the second source power sup-

10

15

20

25

30

35

40

45

50

55

ply capability detection means, and for causing the vi-
bration actuator to be in a continuously operating state
when the source power supply capability of the second
electric power source becomes below a reference level.
[0023] According to this construction, the vibration op-
eration duration proportion control means increases the
proportion of operation duration proportion in the inter-
mittent operation of the vibration actuator, that is, the
proportion of the time during which the vibration actuator
is caused to be performing the vibrating operation to the
total of the time during which the vibrating operation is
performed and the time during which the vibrating oper-
ation is stopped, in accordance with declines in the
source power supply capability of the second electric
power source. Then, when the source power supply ca-
pability of the second electric power source becomes be-
low the reference level, the vibration actuator is cause to
be inthe continuously operating state. Therefore, accord-
ing to the invention, since the proportion of the duration
of the vibration of the steering handle increases with de-
clines in the assist force, the driver can easily be caused
to anticipate that the abnormality is progressing. Further-
more, since the vibration switches from the intermittent
manner to the continuous manner, the driver can be
caused to expect that the time of stop of the steering
assist is near.

[0024] The steering device in accordance with the fore-
going aspect may further include operation stop means
for stopping the operation of the vibration actuator and
generation of the assist force by the electric motor at
elapse of at least a predetermined time after the source
power supply capability of the second electric power
source becomes below the reference level.

[0025] According to this construction, atleast a prede-
termined time after the vibration actuator is caused to be
in the continuously operating state, the operation stop
means stops the operation of the vibration actuator and
the generation of the assist force by the electric motor.
As a result, the decline in the source power supply ca-
pability of the second electric power source can be
stopped. Therefore, the second electric power source
can be allowed to retain electric power.

[0026] In the steering device in accordance with the
foregoing aspect, the vibration actuator may be an elec-
tric motor, and the vibration control means may change
amount of electrification of the electric motor in a vibrating
manner during a period during which the steering handle
is vibrated.

[0027] According to this construction, the steering han-
dle is vibrated by changing, in a vibrating manner, the
amount of electrification of the electric motor that gener-
ates the assistforce. Therefore, there is noneed to nearly
provide an actuator dedicated to the vibration, and there-
fore a cost increase is not brought about. Besides, an
installation space for the actuator is also unnecessary.
[0028] The steering device in accordance with the fore-
going aspect may further include voltage detection
means for detecting output voltage of the first electric
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power source, and current detection means for detecting
output current of the second electric power source. In
this steering device, the source power supply from the
first electric power source being normal may be a state
in which the detected output voltage of the first electric
power source is greater than or equal to a predetermined
value, and the first electric power source abnormality de-
tection means may determine that the source power sup-
ply from the first electric power source is abnormal, when
the detected output voltage of the first electric power
source is below the predetermined value. Furthermore,
the second source power supply capability detection
means may calculate the amount of charge of the second
electric power source based on the detected output cur-
rent of the second electric power source.

[0029] A second aspect of the invention relates to a
control method for a vehicle steering device thatincludes:
a steering mechanism that steers a wheel of a vehicle
upon steering operation of a steering handle; an electric
motor that is supplied with source power from an electric
power supply device in which afirst electric power source
and a second electric power source are interconnected
in parallel, and that generates assist force that assists in
the steering operation of the steering handle; steering
torque detection means for detecting steering torque that
is input to the steering handle by a driver of the vehicle;
and motor control means for controlling driving of the
electric motor based on an assist characteristic in which
a relation between the steering torque and the assist
force is set so as to have a characteristic that the assist
force changes according at least to the steering torque.
The control method includes: determining whether or not
source power supply from the first electric power source
is abnormal; detecting source power supply capability of
the second electric power source; switching, when it is
determined that the source power supply from the first
electric power source is abnormal, the assist character-
istic from the assist characteristic set for a time when the
source power supply of the first electric power source is
normal stepwise to an abnormality-time assist character-
istic in which the assist force relative to the steering
torque is set lower than in the assist characteristic set for
the time of normality; and altering, after the assist char-
acteristic is switched to the abnormality-time assist char-
acteristic by the assist characteristic switch means, the
abnormality-time assist characteristic so that the assist
force relative to the steering torque further declines con-
tinuously in accordance with declines in the source power
supply capability of the second electric power source de-
tected by the second source power supply capability de-
tection means.

[0030] The control method in accordance with this as-
pect may further include: detecting output voltage of the
first electric power source; and detecting output current
of the second electric power source, and the source pow-
er supply fromthe first electric power source being normal
may be a state in which the detected output voltage of
the first electric power source is greater than or equal to
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a predetermined value, and it may be determined that
the first electric power source is in an abnormal source
power supply state, when the detected output voltage of
the first electric power source is below the predetermined
value, and the source power supply capability of the sec-
ond electric power source may be detected based on the
detected output current of the second electric power
source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of example embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:

FIG 1 is a general system construction diagram of
an electric power steering device in accordance with
a first embodiment of the invention;

FIG. 2 is a flowchart representing a steering assist
control routine in accordance with the first embodi-
ment of the invention;

FIG. 3 is a characteristic diagram representing an
assist map in accordance with the first embodiment
of the invention;

FIG 4 is a characteristic diagram representing a shift
amountmap in accordance with the firstembodiment
of the invention;

FIG 5 is a characteristic diagram showing transition
of assist maps in accordance with the first embodi-
ment of the invention;

FIG. 6is aflowchartrepresenting a charge/discharge
control routine in accordance with the first embodi-
ment of the invention;

FIG 7 is a flowchart representing an actual-amount-
of-charge detecting routine in accordance with the
first embodiment of the invention;

FIG 8 is a flowchart representing an end-time dis-
charge control routine in accordance with the first
embodiment of the invention;

FIG. 9 is a flowchart representing a steering assist
control routine in accordance with a second embod-
iment of the invention;

FIG 10 is a flowchart a stop timing setting routine in
accordance with the second embodiment of the in-
vention;

FIG 11 is aflowchart a vibration timing setting routine
in accordance with the second embodiment of the
invention;

FIG 12 is a characteristic diagram representing a
vibration proportion map in accordance with the sec-
ond embodiment of the invention;

FIG. 13 is a graphillustrating the vibration proportion
in accordance with the second embodiment of the
invention;

FIG. 14 is a graph representing transitions of the
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actual amount of charge of the power source and
the vibration proportion in accordance with the sec-
ond embodiment of the invention;

FIG 15 is a graph representing changes in the target
electric current during operation of vibration in ac-
cordance with the second embodiment of the inven-
tion; and

FIG. 16 is a flowchart representing a portion of a
steering assist control routine in accordance with a
modification of each of the aforementioned embod-
iments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] A steering device for a vehicle in accordance
with a first embodiment of the invention will be described
hereinafter with reference to the drawings. FIG 1 repre-
sents a general construction of an electric power steering
device for a vehicle as the first embodiment.

[0033] This electric power steering device includes, as
main portions, a steering mechanism 10 that steers steer-
ing road wheels according to the steering operation of a
steering handle 11, an electric motor 20 assembled to
the steering mechanism 10 to generate steering assist
torque, a motor drive circuit 30 that drives the electric
motor 20, a voltage boost circuit 40 that boosts the output
voltage of a main electric power source 100 and thus
supplies source power to the motor drive circuit 30, a
subsidiary electric power source 50 connected in parallel
with a power source supply circuit between the voltage
boost circuit 40 and the motor drive circuit 30, and an
electronic control unit 60 that controls the operation of
the electric motor 20 and the voltage boost circuit 40.
The electronic control unit 60 is an example of a control
device in the invention. Incidentally, although a plurality
of embodiments are described in this specification, those
are different merely in the control process of the elec-
tronic control unit 60, and are the same in the hardware
construction.

[0034] The steering mechanism 10 is a mechanism for
steering left and right front wheels FWL, FWR by rota-
tionally operating the steering handle 11, and includes a
steering shaft 12 thatis connected at an upper end there-
of to the steering handle 11 so as to rotate integrally with
the steering handle 11. A pinion 13 is connected to a
lower end of the steering shaft 12 so as to rotate integrally
with the steering shaft. The pinion 13 meshes with rack
teeth formed on a rack bar 14, thus forming a rack-and-
pinion mechanism together with the rack bar 14. Knuck-
les (not shown) of the left and right front wheels FWL,
FWR are steerably connected to two ends of the rack bar
14 via tie rods 15L, 15R. The left and right front wheels
FWL, FWR are steered to left and right according to the
displacement of the rack bar 14 in the direction of its own
axis associated with the rotation of the steering shaft 12
about its own axis.

[0035] The electric motor 20 for the steering assist is
assembled to the rack bar 14. A rotation shaft of the elec-
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tric motor 20 is connected to the rack bar 14 via a ball
screw mechanism 16 so as to be capable of transmitting
mechanical power. Rotation of the rotation shaft gives
steering force tothe leftand right frontwheels FWL, FWR,
thus assisting a driver in the steering operation. The ball
screw mechanism 16 functions as a speed reducer and
arotary-linear motion converter, thatis, transmits the mo-
tion of the electric motor 20 to the rack bar 14 while re-
ducing the speed of the rotation of the electric motor 20
and converting the rotation into linear motion.

[0036] The steering shaft 12 is provided with a steering
torque sensor 21. The steering torque sensor 21 outputs
a signal commensurate with the steering torque that acts
on the steering shaft 12 due to the pivoting operation of
the steering handle 11. The value of steering torque de-
tected by the signal output by the steering torque sensor
21 will be hereinafter termed the steering torque Tx. By
the positive and negative signs of the steering torque Tx,
the operating direction of the steering handle 11 is dis-
cerned. In this embodiment, the steering torque Tx
caused when the steering handle 11 is steered in the
right-hand direction is shown as a positive value, and the
steering torque Tx caused when the steering handle 11
is steered in the left-hand direction is shown as anegative
value. Therefore, when the magnitude of the steering
torque Tx is discussed below, the magnitude of the ab-
solute value thereof will be used. The steering torque
sensor 21 is an example of a steering torque detection
means in the invention.

[0037] The electric motor 20 is provided with a rotation
angle sensor 22. This rotation angle sensor 22 is incor-
porated in the electric motor 20, and outputs a detection
signal commensurate with the rotational angular position
of a rotor of the electric motor 20. The detection signal
from the rotation angle sensor 22 is used to calculate the
rotation angle and the rotation angular velocity of the
electric motor 20. In addition, the rotation angle of the
electric motor 20 is proportional to the steering angle of
the steeringhandle 11, and is therefore used as the steer-
ing angle of the steering handle 11 as well. Besides, the
rotation angular velocity, which is a time derivative of the
rotation angle of the electric motor 20, is proportional to
the steering angular velocity of the steering handle 11,
and is therefore used as the steering speed of the steer-
ing handle 11 as well. Hereinafter, the value of the steer-
ing angle of the steering handle 11 detected from the
output signal of the rotation angle sensor 22 will be
termed the steering angle 6x, and the value of the steering
angular velocity obtained by differentiating the steering
angle 0x with respect to time will be termed the steering
speed ox. The positive sign and the negative sign of the
value of the steering angle 6x represent the steering an-
gles in the rightward direction and the leftward direction,
respectively, from the neutral position of the steering han-
dle 11. In this embodiment, the neutral position of the
steeringhandle 11 isshown by "0", and the steeringangle
in the rightward direction from the neutral position is
shown by a positive value, and the steering angle in the
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leftward direction from the neutral position is shown by
a negative value.

[0038] The motor drive circuit 30 is a three-phase in-
verter circuit constructed of six switching elements 31 to
36 which are each made up of a MOSFET. Concretely,
a circuit formed by connecting a first switching element
31 and a second switching element 32 in series, a circuit
formed by connecting a third switching element 33 and
a fourth switching element 34 in series, a circuit formed
by connecting a fifth switching element 35 and a sixth
switching element 36 in series are interconnected in par-
allel, and a power source supply line 37 is led out from
a line between two switching elements (31-32, 33-34,
35-36) of each of the series circuits.

[0039] A current sensor 38 is provided on the power
source supply lines 37 extending from the motor drive
circuit 30 to the electric motor 20. This current sensor 38
detects (measures) the electric current that flows sepa-
rately for each phase, and outputs a detection signal cor-
responding to the detected electric current value to the
electronic control unit 60. Hereinafter, the measured
electric current value will be termed the motor current
iuvw. Besides, this current sensor 38 will be termed the
motor current sensor 38.

[0040] As for each of the switching elements 31 to 36,
the gate thereof is connected to an assist control portion
61 (described later) of the electronic control unit 60, and
the duty ratio is controlled by a PWM control signal from
the assist control portion 61. As a result, the drive voltage
of the electric motor 20 is adjusted to a target voltage.
Incidentally, as shown by a circuit symbol in the diagram,
each of the MOSFETSs constituting the switching ele-
ments 31 to 36 has a parasitic diode as a part of its struc-
ture.

[0041] Next, a powersource supply system of the elec-
tric power steering device will be described. An electric
power source device of the electric power steering device
includes the main electric power source 100, the voltage
boost circuit 40 that boosts the output voltage of the main
electric power source 100, the subsidiary electric power
source 50 connected in parallel with and between the
voltage boost circuit 40 and the motor drive circuit 30,
and an electric power source control portion 62 that is
provided in the electronic control unit 60 and that controls
the voltage boosted by the voltage boost circuit 40.
[0042] The main electric power source 100 is con-
structed by interconnecting in parallel a main battery 101
thatis a common vehicle-mounted battery having a rated
output voltage of 12 V, and an alternator 102 having a
rated output voltage of 14 V which generates electricity
by rotation of the engine. Therefore, the main electric
power source 100 constitutes a vehicle-mounted electric
power source of a 14-V system.

[0043] The main electric power source 100 supplies
source power to not only the electric power steering de-
vice but also other vehicle-mounted electrical loads, such
as headlights and the like. A power source supplier line
103 is connected to a power source terminal (positive
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terminal) of the main battery 101, and a grounding line
111 is connected to a ground terminal thereof. The main
electric power source 100 is an example of a first electric
power source of the invention.

[0044] The power source supplier line 103 branches
into a control system power source line 104 and a drive
system power source line 105. The control system power
source line 104 functions as a power source line for sup-
plying source power only to the electronic control unit 60.
The drive system power source line 105 functions as a
power source line for supplying source power to both the
motor drive circuit 30 and the electronic control unit 60.
[0045] An ignition switch 106 is connected to the con-
trol system power source line 104. A power source relay
107 is connected to the drive system power source line
105. This power source relay 107 turns on by a control
signal from the assist control portion 61 of the electronic
control unit 60, so as to form an electric power supply
circuit for the electric motor 20. The control system power
source line 104 is connected to the source positive ter-
minal of the electronic control unit 60, and has a diode
108 in an intermediate portion thereof that is to the load
side (the electronic control unit 60 side) of the ignition
switch 106. The diode 108 is a back-flow prevention el-
ement whose cathode is provided on the electronic con-
trol unit 60 side and whose anode is provided on the main
electric power source 100 side, and which allows current
to pass only in the direction of power source supply.
[0046] From the drive system power source line 105,
alinkage line 109 branches which connects to the control
system power source line 104 at the load side of the
power source relay 107. The linkage line 109 is connect-
ed to the electronic control unit 60 side of the connecting
location at which the diode 108 is connected to the control
system power source line 104. Besides, a diode 110 is
connected to the linkage line 109. This diode 110 is pro-
vided with its cathode connected to the control system
power source line 104 side, and its anode connected to
the drive system power source line 105 side. Therefore,
a circuit construction is formed in which source power
can be supplied from the drive system power source line
105 to the control system power source line 104 via the
linkage line 109, but cannot be supplied from the control
system power source line 104 to the drive system power
source line 105. The drive system power source line 105
and the grounding line 111 are connected to the voltage
boost circuit 40. Besides, the grounding line 111 is also
connected to a grounding terminal of the electronic con-
trol unit 60.

[0047] A voltage sensor 51 is provided on the drive
system power source line 105 between the voltage boost
circuit 40 and the power source relay 107. The voltage
sensor 51is provided for detecting a state of being unable
to supply source power from the main electric power
source 100 to the electric motor 20. The voltage sensor
51 detects (measrues) the voltage between the drive sys-
tem power source line 105 and the grounding line 111,
and outputs a signal of detection to the electric power
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source control portion 62, and, via the electric power
source control portion 62, to the assist control portion 61.
Hereinafter, this voltage sensor 51 will be termed the first
voltage sensor 51, and the voltage value detected there-
by will be termed the main power source voltage v1.
[0048] The voltage boost circuit 40 is constructed of a
capacitor 41 provided between the drive system power
source line 105 and the grounding line 111, a voltage-
boosting coil 42 connected in series to the drive system
power source line 105 on the load side of the connecting
point of the capacitor 41, a first voltage-boosting switch-
ing element 43 connected between the drive system pow-
ersource line 105 on the load side of the voltage-boosting
coil 42 and the grounding line 111, a second voltage-
boosting switching element 44 connected in series to the
drive system power source line 105 on the load side of
the connecting point of the first voltage-boosting switch-
ing elements 43, and a capacitor 45 connected between
the drive system power source line 105 on the load side
of the second voltage-boosting switching element 44 and
the grounding line 111. A boosted-voltage power source
line 112 is connected to the secondary side of the voltage
boost circuit 40.

[0049] In this embodiment, the voltage-boosting
switching elements 43, 44 are MOSFETSs; however, other
types of switching elements may also be used as the
voltage-boosting switching elements 43, 44. Besides, as
shown by circuit symbols in the diagram, each of the
MOSFETSs constituting the voltage-boosting switching el-
ements 43, 44 has a parasitic diode as a part of its struc-
ture.

[0050] As for the voltage boost circuit 40, the voltage
boost is controlled by the electric power source control
portion 62 of the electronic control unit 60. The electric
power source control portion 62 outputs pulse signals of
a predetermined frequency to the gates of the first and
second voltage-boosting switching elements 43, 44 to
turn on and off the two switching elements 43, 44 so that
the source power supplied from the main electric power
source 100 is boosted in voltage and a predetermined
output voltage is generated on the boosted-voltage pow-
er source line 112. In this case, the first and second volt-
age-boosting switching elements 43, 44 are controlled
so that their on-off actions are opposite to each other.
The voltage boost circuit 40, in operation, has the first
voltage-boosting switching element 43 on and the sec-
ond voltage-boosting switching element 44 off to let cur-
rent flow through the voltage-boosting coil 42 only for a
short time so that electric power is accumulated in the
voltage-boosting coil 42, and then immediately have the
first voltage-boosting switching element 43 off and the
second voltage-boosting switching element 44 on so that
the electric power accumulated in the voltage-boosting
coil 42 is output.

[0051] Theoutputvoltage ofthe second voltage-boost-
ing switching element 44 is smoothed by the capacitor
45. Therefore, a stable boosted-voltage source power is
output from the boosted-voltage power source line 112.
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In this case, a plurality of capacitors of different frequen-
cies may be connected in parallel to improve the smooth-
ing characteristic. Besides, the capacitor 41 provided on
the input side of the voltage boost circuit 40 removes the
noise that would otherwise go to the main electric power
source 100 side.

[0052] The boosted voltage (output voltage) of the volt-
age boost circuit 40 can be adjusted, for example, in the
range of 20 V to 50 V, by the control of the duty ratio
(PWM control) of the first and second voltage-boosting
switching elements 43, 44. Incidentally, as the voltage
boostcircuit 40, itis permissible to use a general-purpose
DC-DC converter.

[0053] The boosted-voltage power source line 112
branches into a boosted voltage drive line 113 and a
charge/discharge line 114. The boosted voltage drive line
113 is connected to a power source input portion of the
motor drive circuit 30. The charge/discharge line 114 is
connected to a positive terminal of the subsidiary electric
power source 50.

[0054] The subsidiary electric power source 50 is an
electric storage device that stores electric power input
from the voltage boost circuit 40, and that assists the
main electric power source 100 by supplying source pow-
er to the motor drive circuit 30 when the motor drive circuit
30 needs alarge amount of electric power. Besides, when
the main electric power source 100 fails (loses its capac-
ity of supplying source power), the subsidiary electric
power source 50 is used so as to singly supply source
power to the motor drive circuit 30. Therefore, the sub-
sidiary electric power source 50 is constructed by con-
necting a plurality of electric storage cells in series so
that a voltage corresponding to the boosted voltage of
the voltage boost circuit 40 can be maintained. A ground-
ing terminal of the subsidiary electric power source 50 is
connected to the grounding line 111. As this subsidiary
electric power source, it is permissible to use, for exam-
ple, acapacitor (electric double layer capacitor). The sub-
sidiary electric power source 50 is an example of a sec-
ond electric power source of the invention.

[0055] The subsidiary electric power source 50 sup-
plies source power also to the electronic control unit 60.
When the source power supply from the main electric
power source 100 to the electronic control unit 60 cannot
be performed well, the subsidiary electric power source
50 supplies source power to the electronic control unit
60, in place of the main electric power source 100. Inci-
dentally, the electronic control unit 60 has a voltage-low-
ering circuit (DC/DC converter, not shown) that lowers
the voltage of the source power supplied from the sub-
sidiary electric power source 50 and that is built in a pow-
er-receiving portion. Using this voltage-lowering circuit,
the electronic control unit 60 adjusts the voltage to a prop-
er voltage.

[0056] A voltage sensor 52 is provided on the output
side of the voltage boost circuit 40. The voltage sensor
52 detects the voltage between the boosted-voltage pow-
er source line 112 and the grounding line 111, and out-
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puts a signal commensurate with the detected value to
the electric power source control portion 62. In this circuit
construction, since the boosted-voltage power source
line 112 and the charge/discharge line 114 are connect-
ed, the measurement value measured by the voltage
sensor 52 is the higher voltage value of the output voltage
(boosted voltage) of the voltage boost circuit 40 and the
output voltage (power source voltage) of the subsidiary
electric power source 50. Hereinafter, the voltage sensor
52 will be termed the second voltage sensor 52, and the
voltage value detected thereby will be termed the output
power source voltage v2.

[0057] The boosted voltage drive line 113 is provided
with a current sensor 54 that detects the current that flows
through the motor drive circuit 30. The current sensor 54
is connected to the electric power source control portion
62 of the electronic control unit 60, and outputs a signal
that shows the measured value to the electric power
source control portion 62. Hereinafter, this current sensor
54 will be termed the output current sensor 54, and the
current value detected thereby will be termed the output
current i2.

[0058] Besides, the charge/discharge line 114 is pro-
vided with a current sensor 53 that detects the current
flowing through the subsidiary electric power source 50.
The current sensor 53 is connected to the electric power
source control portion 62 of the electronic control unit 60,
and outputs a signal that shows the measured
charge/discharge current isub, to the electric power
source control portion 62. The current sensor 53 discrim-
inates the directions of current, that is, the charge current
that flows from the voltage boost circuit 40 to the subsid-
iary electric power source 50, and the discharge current
that flows from the subsidiary electric power source 50
to the motor drive circuit 30, and measures the magnitude
thereof. The charge/discharge current isub is represent-
ed by a positive value when flowing as a charge current,
and is represented by a negative value when flowing as
a discharge current. Hereinafter, the current sensor 53
will be termed the subsidiary power source current sen-
sor 53, and the current value detected thereby will be
termed the subsidiary power source current isub. The
subsidiary power source current sensor 53 is an example
of current detection means in the invention.

[0059] The electronic control unit 60 has, as a main
portion, a microcomputer that has a built-in memory and
the like. The functions of the electronic control unit 60
are roughly divided into the assist control portion 61 and
the electric power source control portion 62. The assist
control portion 61 is connected to the steering torque
sensor 21, therotation angle sensor 22, the motor current
sensor 38, and a vehicle speed sensor 23, and receives
inputs of sensor signals that show the steering torque
Tx, the steering angle 6x, the motor currentiuvw, and the
vehicle speed Vx. The assist control portion 61, on the
basis of these sensor signals, outputs a PWM control
signal to the motor drive circuit 30 to control the driving
of the electric motor 20 and therefore assist the driver in
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the steering operation.

[0060] The electric power source control portion 62
controls the charging and discharging of the subsidiary
electric power source 50 by performing the voltage boost
control of the voltage boost circuit 40. The electric power
source control portion 62 is connected to the first voltage
sensor 51, the second voltage sensor 52, the charge/dis-
charge current sensor 53, and the output current sensor
54, and receives inputs of sensor signals that show the
main power source voltage v1, the output power source
voltage v2, the actual charge/discharge currentisub, and
the output current i2. On the basis of these sensor sig-
nals, the electric power source control portion 62 outputs
a PWM control signal to the voltage boost circuit 40 so
that the state of charge of the subsidiary electric power
source 50 reaches a target state of charge. The voltage
boost circuit 40 changes the boosted voltage, that is, the
output voltage of the circuit 40, by controlling the duty
ratios of the first and second voltage-boosting switching
elements 43, 44 in accordance with the input PWM con-
trol signal. Incidentally, the electric power source control
portion 62 stops the voltage boost operation of the volt-
age boost circuit 40 when a fail of the main electric power
source 100 has been detected.

[0061] Generally, the electric power steering device
needs large amounts of electric power at the time of static
steering operation, or at the time of operating the steering
handle at low vehicle speed, as can be understood from
a steering assist control described below. However, it is
not preferable toincrease the capacity of the main electric
power source 100 in preparation for a temporary large
electric power consumption. Therefore, the electric pow-
er steering device of this embodiment is equipped with
the subsidiary electric power source 50 that supplements
the source power supply at the time of temporary large
electric power consumption, instead of an increased ca-
pacity of the main electric power source 100. Besides, in
order to efficiently drive the electric motor 20, a system
that includes the voltage boost circuit 40, and supplies
voltage-boosted power to the motor drive circuit 30 and
the subsidiary electric power source 50 is constructed.
[0062] By the way, there is possibility of it becoming
impossible to supply source power from the main electric
power source 100 to the electric motor 20. Examples of
the causes of this incident include a failure of the power
source relay 107, a break of the drive system power
source line 105, a bad connector connection of the power
source line, etc. In such a case, the electric power steer-
ing device of this embodiment is able to perform the steer-
ing assist control to some extent by using only the sub-
sidiary electric power source 50. However, there is a limit
to the amount of electric power that can be supplied from
the subsidiary electric power source 50. Generally, at the
time of electric power source abnormality, an alarm de-
vice, such as a warning lamp or the like, operates. How-
ever, such an alarm alone is sometimes not sufficient to
make the driver aware of it. In such a case, the amount
of charge of the subsidiary electric power source 50 dwin-
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dles until the control system stops and the steering assist
suddenly becomes null, which causes considerable dis-
comfort to the driver.

[0063] Therefore, in this embodiment, the steering as-
sist control is switched in accordance with whether the
main electric power source 100 is normal or abnormal,
in order to make the driver aware that the electric power
steering device is abnormal, and restrain the amount of
electric power consumption of the electric motor 20 so
as to favorably maintain the source power supply from
the subsidiary electric power source 50, and maximize
the length of the period during which the steering assist
is possible.

[0064] Herein, a steering assist control process that
the assist control portion 61 of the electronic control unit
60 performs will be described. FIG 2 represents a steer-
ing assist control routine carried out by the assist control
portion 61. The steering assist control routine is stored
as a control program in the ROM of the electronic control
unit 60, and is started upon the turning-on of the ignition
switch 106, and is repeatedly executed at every prede-
termined short cycle period.

[0065] When the control routine is started, the assist
control portion 61 in step S11 reads the vehicle speed
Vx detected by the vehicle speed sensor 23, and the
steering torque Tx detected by the steering torque sensor
21.

[0066] Subsequently in step S12, the assist control
portion 61 diagnoses whether or not there is abnormality
in the source power supply of the main electric power
source 100. In this embodiment, the assist control portion
61 reads the main power source voltage v1 detected by
the first voltage sensor 51, via the electric power source
control portion 62, and determines whether or not the
main power source voltage v1 is below a main electric
power source abnormality criterion voltage vref. The
source power supply abnormality of the main electric
power source 100 refers to a state in which source power
cannot be supplied from the main electric power source
100 to the motor drive circuit 30, or a state in which the
source power supply cannot be normally performed. Ex-
amples of the causes of this abnormality include a failure
ofthe power source relay 107, a break of the drive system
power source line 105, a bad connector connection of a
power source line, etc. Therefore, if the main electric pow-
er source abnormality criterion voltage vref is set before-
hand at a low value that is not detected during a normal
state, it can be determined that there is a source power
supply abnormality of the main electric power source 100
when the main power source voltage v1is below the main
electric power source abnormality criterion voltage vref.
A function portion of the assist control portion 61 that
performs the process of step S12 is an example of first
electric power source abnormality detection means in the
invention, and the first voltage sensor 51 is an example
of voltage detection means in the invention.

[0067] Besides, for the determination of the presence
of the source power supply abnormality of the main elec-
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tric power source 100, the detection of abnormality of the
alternator 102 may be added as an OR condition. That
is, when at least one of the abnormality of the main power
source voltage v1 and the abnormality of the alternator
102 is detected, it is determined that the source power
supply abnormality of the main electric power source 100
is present. The alternator 102 adjusts the amount of cur-
rent that is passed through the field coil, and thereby
adjusts the generated voltage. Therefore, the abnormal-
ity of the alternator 102 can be detected by, for example,
detecting a broken wire of the field coil.

[0068] Subsequently in step S13, the assist control
portion 61 refers to the result of the diagnosis of the main
electric power source 100. If the source power supply
abnormality is not present (NO in S13), the process pro-
ceedstostep S14. Ifthe source power supply abnormality
is present (YES in S13), the process proceeds to step
S18. Description will be first made in conjunction with the
case where the source power supply abnormality of the
main electric power source 100 is not present.

[0069] Ifitis determined that the source power supply
abnormality of the main electric power source 100 is not
present, the assist control portion 61 calculates, in step
S14, a target current value ias* by using the assist map.
The assist map is a reference map for setting a target
current value ias* of the electric motor 20 on the basis of
the vehicle speed Vx and the steering torque Tx, and is
stored in the memory of the electronic control unit 60. In
the assist map, as shown in FIG. 3, relations between
the steering torque Tx and the target current value ias*
are set so that the assist force increases with increases
in the steering torque Tx. In this example, the relation
between the steering torque Tx and the target current
value ias* is changed also according to the vehicle speed
Vx, and the target current value ias* is set at a value that
is larger the lower the vehicle speed Vx. In this assist
map, when the steering torque Tx is zero, the target cur-
rent value ias* is set at zero. Furthermore, the target cur-
rent value ias* is set so as to increase from zero in ac-
cordance with increases in the steering torque Tx. Inci-
dentally, in aregion of high steering torques T, the target
current value ias* is restricted to be less than or equal to
an upper-limit current value, irrespective of increases in
the steering torque Tx.

[0070] This assistmap is anexample of the assist char-
acteristic in which the relation between the steering
torque and the assist force (target current value) is set.
Incidentally, the assist map shown in FIG. 3 represents
the characteristic of the target current value ias* relative
to the steering torque Tx in the rightward direction. As
for the characteristic thereof in the leftward direction,
merely the direction is opposite, and there is no difference
in terms of absolute value from the characteristic shown
in FIG 3. Hereinafter, the target current value ias* will be
termed the target current ias*.

[0071] The characteristic of the assist map is switched
when the source power supply abnormality of the main
electric power source 100 is present as described above.
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Therefore, the characteristic of the main electric power
source 100 in the normal state (the characteristic shown
in FIG 3) is termed the original assist characteristic.
[0072] Besides, the target current ias* corresponds to
atargettorque ofthe electric motor 20. Therefore, in order
to factor in the compensating torque based on the steer-
ing angle 0x, the steering speed wx, etc., inthe calculation
of the target current ias*, the target current ias* may be
corrected by a corresponding amount. For example, the
target currentias* may be corrected to a target value that
has factored in an amount corresponding to a compen-
sating torque that is the sum of the returning force of the
steering shaft 12 toward a basic position which increases
in proportion to the steering angle 6x, and a back torque
corresponding to the resist force against the rotation of
the steering shaft 12 which increases in proportion to the
steering speed wx. For this calculation, the rotation angle
of the electric motor 20 (corresponding to the steering
angle 0x of the steering handle 11) detected by the rota-
tion angle sensor 22 is input. Besides, the steering speed
wx is found by differentiating the steering angle 6x of the
steering handle 11 with respect to time.

[0073] Next, in step S15, the assist control portion 61
reads from the motor current sensor 38 the motor current
iuvw that flows through the electric motor 20. Subse-
quently in step S16, the assist control portion 61 calcu-
lates a deviation Ai of this motor current iuvw from the
target currentias* having been calculated, and calculates
a command voltage v* by a Pl control (proportional-plus-
integral control) based on the deviation Ai.

[0074] Then, in step S17, the assist control portion 61
outputs a PWM control signal commensurate with the
command voltage v* to the motor drive circuit 30. After
that, the assist control portion 61 temporarily ends the
control routine. This control routine is repeatedly execut-
ed at every predetermined short cycle period. Therefore,
through the execution of the control routine, the duty ra-
tios of the switching elements 31 to 36 of the motor drive
circuit 30 are adjusted to control the driving of the electric
motor 20 so that a desired steering assistforce according
to the driver’s steering operation is obtained. The assist
control portion 61 and the motor drive circuit 30 are ex-
amples of motor control means in the invention.

[0075] Incidentally, the foregoing feedback control of
the electric motor 20 is performed by a vector control that
is represented by a two-phase d-g-axis coordinate sys-
tem in which the q axis represents the rotating direction
of the electric motor 20 and the d axis represents the
direction orthogonal to the rotating direction. Therefore,
the assist control portion 61 is equipped with a 3-phase/2-
phase coordinate converter (not shown) that converts
the three-phase motor currentiuvw detected by the motor
current sensor 38 into values in the d-g-axis coordinate
system. Using the 3-phase/2-phase coordinate convert-
er, the assist control portion 61 converts the motor current
iuvw into the d-axis current Id and the g-axis current Iq.
Besides, in the setting of a target current ias*, too, the
assist control portion 61 calculates a target current (1d*,
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Ig*) in the d-g-axis coordinate system. In this case, the
g-axis current that causes the electric motor 20 to gen-
erate torque is set as a target current ias* from the assist
map. Besides, in order to calculate a three-phase voltage
command value (command voltage v*) that corresponds
to the deviation (Id*-Id, 19*-1q), the assist control portion
61 is equipped with a 2-phase/3-phase coordinate,con-
version portion (not shown). Using the 2-phase/3-phase
coordinate conversion portion, the assist control portion
61 calculates a three-phase command voltage v*.
[0076] In this embodiment, for the sake of easy and
simple description, the representations in the d-g-axis
coordinate system are not used, and the target current
is represented simply as ias*, and the motor current de-
tected by the motor current sensor 38 is represented as
iuvw.

[0077] Referring back to the flowchart of the steering
assist control shown in FIG. 2, a process performed in
the case where the source power supply abnormality of
the main electric power source 100 is present will be de-
scribed. If the assist control portion 61 determines that
the source power supply abnormality of the main electric
power source. 100 is present (YES in S13), the assist
control portion 61 detects the actual amount of charge
Jx of the subsidiary electric power source 50 in step S18.
The actual amount of charge Jx of the subsidiary electric
power source 50 represents the amount of charge stored
in the subsidiary electric power source 50, and is suc-
cessively detected through an actual-amount-of-charge
detecting routine described below. Therefore, the proc-
ess of step S18 is a process of reading the actual amount
of charge Jx detected by the actual-amount-of-charge
detecting routine that is executed by the electric power
source control portion 62. The actual amount of charge
Jx of the subsidiary electric power source 50 represents
the source power supply capability of the subsidiary elec-
tric power source 50. Therefore, a function portion of the
assist control portion 61 that executes step S18, and a
function portion of the electric power source control por-
tion 62 that executes the below-described actual-
amount-of-charge detecting routine are examples of sec-
ond source power supply capability detection means in
the invention.

[0078] Subsequently in step S19, the assist control
portion 61 calculates a characteristic shift amount ATx
on the basis of the actual amount of charge Jx of the
subsidiary electric power source 50. The characteristic
shift amount ATx is calculated by using a shift amount
map. In the shift amount map, as shown in FIG. 4, a
relation between the actual amount of charge Jx of the
subsidiary electric power source 50 and the characteristic
shift amount ATx is set. The shift amount map is stored
in the memory of the electronic control unit 60. As for the
characteristic shift amount ATX, in the case where the
actual amount of charge Jx is greater than or equal to a
reference amount of charge J1, afixed characteristic shift
amount AT1 (>0) is set as shown in the shift amount map.
In the case where the actual amount of charge Jx is below
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the reference amountof charge J1, the characteristic shift
amount ATx is set so as to increase with declines in the
actual amount of charge Jx. Incidentally, the reference
amount of charge J1 is set at a value that is smaller than
a target amount of charge J* described below.

[0079] Subsequently in step S20, the assist control
portion 61 switches the assist characteristic in the assist
map showninFIG. 3 from the original assist characteristic
to an abnormality-time assist characteristic by using the
characteristic shiftamount ATx. The abnormality-time as-
sist characteristic is a characteristic obtained by shifting
the steering torque Tx by the characteristic shift amount
ATx to an increase side (in the direction indicated by ar-
rows) from the original assist characteristic, as shown in
the assistmap of FIG 5. The abnormality-time assist char-
acteristic is a characteristic obtained by shifting the val-
ues of the steering torque Txrelative to the target currents
ias™ in the assist map by the characteristic shift amount
ATx to the increase side. In this case, the torque region
in which the target currentias*® is set at zero expands by
the amount of the shift of the steering torque Tx from the
point of origin of the assist map. The original assist char-
acteristic refers to the assist characteristic that is used
when the main electric power source 100 is normal.
[0080] Besides, the original assist characteristic in the
embodiment is set according to the vehicle speed Vx,
and therefore the abnormality-time assist characteristic
is also set according to the vehicle speed Vx. Therefore,
in the assist map shown in FIG 5, the original assist char-
acteristic at a certain vehicle speed Vx, and the abnor-
mality-time assist characteristic at the same vehicle
speed Vx which is changed according to the character-
istic shift amount are represented in a superimposed
fashion.

[0081] Subsequently in step S21, the assist control
portion 61 calculates a target current ias* relative to the
steering torque Tx, from the abnormality-time assist char-
acteristic. Inthis case, the target current ias* for the steer-
ing torque Tx is less than the target current for the same
steering torque Tx that is calculated when the main elec-
tric power source 100 is normal, by an amount commen-
surate with the alteration of the assist characteristic.
[0082] After calculating the target current ias* in step
S21, the assist control portion 61 calculates the com-
mand voltage v* by the Pl control based on the deviation
Ai of the motor current iuvw from the target current ias*,
and outputs the PWM control signal commensurate with
the command voltage v* to the motor drive circuit 30.
Atfter that, the control routine temporarily ends.

[0083] This control routine is repeatedly executed at
every predetermined short cycle period. In this manner,
immediately after the source power supply abnormality
of the main electric power source 100 is detected, the
original assist characteristic is switched to an abnormal-
ity-time assist characteristic commensurate with the ac-
tual amount of charge Jx that the subsidiary electric pow-
er source 50 then has. In this case, even if the actual
amount of charge Jx of the subsidiary electric power
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source 50 is close to a fully charged state (the target
amount of charge J*), the assist characteristic is altered
by the reference shift amount AT1 (see FIG. 5). This en-
sures that the target current ias* corresponding to the
steering torque Tx will be reduced. Therefore, the assist
force decreases, and the steering handle operation be-
comes relatively heavy. At the same time, the electric
power supplied from the subsidiary electric power source
50 to the motor drive circuit 30 also lessens, so that the
source power supply from the subsidiary electric power
source 50 is favorably maintained.

[0084] The switching of the assist characteristic imme-
diately following the detection of the source power supply
abnormality of the main electric power source 100 is per-
formed within a short time. Therefore, the switching of
the assist characteristic can be effectively caused to be
felt by the driver, without a need to considerably enlarge
the characteristic shift amount ATx at the time of switch
of the assist characteristic, that is, without a need to con-
siderably enlarge the amount of reduction in the assist
force. As a result, the driver will be aware of the abnor-
mality of the electric power steering device at this time
point. Besides, at this time point, the assist force may
become weaker, but the assist force does not reduce to
such an extent as to greatly affect the steering operation,
since the actual amount of charge Jx of the subsidiary
electric power source 50 is kept at or above the reference
amount of charge J1 by a charge/discharge control de-
scribed below.

[0085] In the case where the source power supply ab-
normality of the main electric power source 100 is de-
tected, the charge/discharge control (described below)
of the subsidiary electric power source 50 by the electric
power source control portion 62 is stopped, and the per-
formance of the voltage-boosting operation of the voltage
boost circuit 40 is avoided. Therefore, the electric motor
20 is driven only by the electric power that the subsidiary
electric power source 50 possesses. Therefore, the ac-
tual amount of charge Jx that the subsidiary electric pow-
er source 50 possesses gradually declines. In accord-
ance with declines in the actual amount of charge Jx of
the subsidiary electric power source 50, the abnormality-
time assist characteristic is altered so that the values of
the steering torque Tx relative to the target current ias*
are shifted to the increase side and the assist force ob-
tained corresponding to the steering operation declines
(see FIG 5).

[0086] Thus, in the embodiment, immediately after the
source power supply abnormality of the main electric
power source 100 is detected, the assist characteristic
is instantaneously switched from the original assist char-
acteristic to the abnormality-time assist characteristic. Af-
ter that, the abnormality-time assist characteristic is al-
tered sothatthe assistforce relative to the steering torque
Tx further declines with declines in the actual amount of
charge Jx of the subsidiary electric power source 50.
[0087] Therefore, the driver feels that the assist force
having weakened once further weakens, that is, the
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steering handle operation becomes further heavier, as
time elapses. With this, the driver can anticipate that the
abnormality of the electric power steering device is pro-
gressing. Therefore, a complete stop of the steering as-
sist, if occurs, will not surprise the driver. Besides, since
the electric power consumption of the subsidiary electric
power source 50 is restrained and the source power sup-
ply is favorably maintained, the period during which the
steering assist is possible can be elongated. Besides,
since the electric power of the main electric power source
100 is not used to drive the electric motor 20, the electric
power to from the main electric power source 100 can
be preferentially supplied to other vehicle-mounted elec-
trical loads.

[0088] Besides, the switching and the alteration of the
assist characteristic are carried out not by multiplying the
target current ias* by a reduction coefficient, but by shift-
ing the values of the steering torque Tx relative to the
target currents ias* to the increase side. Hence, the re-
gion of the steering torque in which the target currentias*
is zero expands. Therefore, the driver can easily recog-
nize the changing of the assist characteristic even when
gently operating the steering handle.

[0089] Besides, in the case where the actual amount
of charge Jx of the subsidiary electric power source 50
is below the reference amount of charge J1 immediately
after the source power supply abnormality of the main
electric power source 100 is detected, the characteristic
shift amount ATx that is larger than the reference shift
amount AT1 is set. Therefore, the maintenance of the
source power supply from the subsidiary electric power
source 50 can be appropriately performed.

[0090] Inthis embodiment, a function portion of the as-
sist control portion 61 that performs the assist character-
istic switching process (S19, S20) immediately following
the detection of the source power supply abnormality of
the main electric power source 100 is an example of as-
sist characteristic switch meansin the invention. Besides,
a function portion of the assist control portion 61 that,
following the assist characteristic switching process, per-
forms the process (S18 to S20) of altering the abnormal-
ity-time assist characteristic in accordance with declines
in the actual amount of charge Jx of the subsidiary electric
power source 50 is an example of assist characteristic
alteration means in the invention.

[0091] Although in the embodiment, the assist charac-
teristic is switched from the original assist characteristic
to the abnormality-time assist characteristic during one
cycle period of the control routine, some more time can
be taken to switch the assist characteristic if the time-
dependent rate of change of the assist characteristic is
large. In that case, too, the time-dependent rate of alter-
ation of the assist characteristic immediately following
the detection of the source power supply abnormality of
the main electric power source 100 (the amount of
change in the characteristic shift amount ATx per unit
time) is set so as to be larger than the time-dependent
rate of alteration of the assist characteristic which sub-

10

15

20

25

30

35

40

45

50

55

13

sequently occurs.

[0092] Next, the charge/discharge control of the sub-
sidiary electric power source 50 will be described. The
electric power steering device of this embodiment incor-
porates the electric power supply device made up of the
main electric power source 100 and the subsidiary elec-
tric power source 50, and can deliver the full performance
of assist by using both the main electric power source
100 and the subsidiary electric power source 50. There-
fore, in order to secure the primary assist performance
of the electric power steering device, it is necessary to
keep a good state of the subsidiary electric power source
50. If the subsidiary electric power source 50 is exces-
sively charged, or frequently charged and discharged re-
peatedly, the subsidiary electric power source 50 quickly
degrades, and the service life thereof shortens. Besides,
in the case where the amount of charge of the subsidiary
electric power source 50 is in sufficient or short, the pri-
mary assist performance cannot be delivered. Therefore,
in this embodiment, the charge/discharge of the subsid-
iary electric power source 50 is controlled as described
below.

[0093] FIG. 6 represents a charge/discharge control
routine that is carried out by the electric power source
control portion 62. This charge/discharge control routine
is stored as a control program in the ROM of the electronic
control unit 60, and is started upon the turning-on of the
ignition switch 106, and is repeatedly executed at every
predetermined short cycle period.

[0094] When the control routine is started, the electric
power source control portion 62 firstly in step S51 reads
data that represents the actual amount of charge Jx of
the subsidiary electric power source 50. The actual
amount of charge Jx is successively calculated by an
actual-amount-of-charge detecting routine (FIG. 7) de-
scribed below. Therefore, step S51 is a process of read-
ing data that represents the latest actual amount of
charge Jx calculated by the actual-amount-of-charge de-
tecting routine.

[0095] Subsequently in step S52, the electric power
source control portion 62 reads the output voltage v2
detected by the second voltage sensor 52, the output
current i2 detected by the output current sensor 54, and
the subsidiary power source currentisub detected by the
subsidiary power source current sensor 53. Subsequent-
ly in step S53, the electric power source control portion
62 determines whether or not a charge flag Fc has been
setat"0". The charge flag Fc, as can be understood from
abelow-described process, represents the presence/ab-
sence of the need to charge the subsidiary electric power
source 50; specifically, Fc=0 represents that the charging
is not needed, and Fc=1 represents that the charging is
needed. Incidentally, the charge flag Fc is "0" when the
charge/discharge control routine is started.

[0096] If the charge flag Fc is "0" (YES in S53), the
process proceeds to step S54, in which the electric power
source control portion 62 determines whether or not the
actual amount of charge Jx is less than the target amount
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of charge J*. This step S54 is a process of determining
whether or not the amount of charge of the subsidiary
electric power source 50 has become short. If Jx<J*(YES
in S54), the electric power source control portion 62 sets
the charge flag Fc to "1" in step S55. On the other hand,
if Jx>J* (NO in S54), the electric power source control
portion 62 determines that the amount of charge has not
become short, and therefore does not change the setting
of the charge flag Fc. Therefore, the charge flag Fc is
kept at "0".

[0097] If in step S53 it is determined that the charge
flag Fcis "1" (NO in S53), the process proceeds to step
S56, in which the electric power source control portion
62 determines whether ornot the actualamountof charge
Jx has reached an amount of charge (J*+A) that is ob-
tained by adding a dead zone value A (positive value) to
the target amount of charge J*. This step S56is a process
of determining whether or not the charge shortage of the
subsidiary electric power source 50 has been dissolved.
If Ix>J*+A (YES in S56), the electric power source control
portion 62 determines that the charge shortage has been
dissolved, and then sets the charge flag Fc to "0" in step
S57. On the other hand, if Jx< J*+A (NO in S56), the
electric power source control portion 62 determines that
the amount of charge is short, and does not change the
setting of the charge flag Fc. Therefore, the charge flag
Fc is kept at "1". The dead zone value A is set so that
the result of the determination in the comparison between
the actual amount of charge Jx and the target amount of
charge J* (the presence/absence of the need for the
charging) does not frequently fluctuate.

[0098] Besides, the target amount of charge J* may be
a pre-set constant value, and may also be set otherwise,
for example, in such a manner as to decline in accord-
ance with increases in the vehicle speed Vx. This is be-
cause the higher the vehicle speed Vx, the less the elec-
tric power needed for the steering assist control.

[0099] After the charge flag Fc is set in this manner,
the electric power source control portion 62 checks the
set status of the charge flag Fc in step S58. If the charge
flag Fcis "0" (NO in S58), that is, if it is determined that
the charging of the subsidiary electric power source 50
is notneeded, the process proceeds to step S59, in which
the electric power source control portion 62 sets a target
charge/discharge current isub* to zero (isub*=0). On the
other hand, if the charge flag Fcis "1" (YES in S58), that
is, if it is determined that the amount of charge of the
subsidiary electric power source 50 is short, the process
proceeds to step S60, in which the electric power source
control portion 62 finds a target charge/discharge current
isub* by calculation as follows: isub*=(Wmax-Wx)/v2
[0100] In the foregoing equation, Wmax is the output
allowable electric power of the voltage boost circuit 40,
and Wx is the electric power consumption (the electric
power consumed by driving the motor drive circuit 30),
and v2 is the output voltage detected by the second volt-
age sensor 52. The output allowable electric power
Wmax is a value pre-set on the basis of the standards of
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the voltage boost circuit 40. Besides, the electric power
consumption Wx of the motor drive circuit 30 is calculated
by multiplication of the output voltage v2 detected by the
second voltage sensor 52 and the output current i2 de-
tected by the output current sensor 54.

[0101] Subsequently in step S61, the electric power
source control portion 62 determines whether or not the
target charge/discharge current isub* is a positive value.
As described above, the target charge/discharge current
isub* is obtained by subtracting the electric power con-
sumption Wx of the motor drive circuit 30 from the output
allowable electric power Wmax of the voltage boost cir-
cuit 40 and then dividing the remainder by the output
voltage v2. Therefore, if the electric power consumption
Wx of the electric motor 20 within the range of the output
allowable electric power Wmax of the voltage boost cir-
cuit 40, then isub*>0 (YES in S61). On the other hand, if
the electric power consumption Wx of the motor drive
circuit 30 is greater than or equal to the output allowable
electric power Wmax of the voltage boost circuit 40, is-
ub*<0 (NO in S61).

[0102] If the target charge/discharge current isub* is
less than or equal to zero (isub*<0), the electric power
source control portion 62 newly sets the target
charge/discharge current isub* to zero (isub*=0) in step
S59. On the other hand, if the target charge/discharge
current isub* is a positive value (isub*>0), the electric
power source control portion 62 does not change the
target charge/discharge current isub* calculated before
in step S60.

[0103] After setting the target charge/discharge cur-
rent isub* in this manner, the electric power source con-
trol portion 62 proceeds to step S62. In step S62, the
electric power source control portion 62 performs a feed-
back control of the boosted voltage of the voltage boost
circuit 40 on the basis of a deviation between the target
charge/discharge current isub* and the subsidiary power
source current isub. That is, the electric power source
control portion 62 feeds back the subsidiary power
source current isub detected by the subsidiary power
source current sensor 53, and controls the boosted volt-
age of the voltage boost circuit 40 so that the deviation
between the target charge/discharge current isub* and
the subsidiary power source current isub (isub*-isub)
lessens. In this embodiment, a PID control based on the
deviation (isub*-isub) is performed.

[0104] The electric power source control portion 62
boosts the voltage of the electric power supplied from
the main electric power source 100 by outputting the
pulse signals of a predetermined period to the gates of
the first and second voltage-boosting switching elements
43, 44 of the voltage boost circuit 40 and therefore turning
on and off the two switching elements 43, 44. In this case,
the boosted voltage is controlled by altering the duty ratio
of the pulse signals.

[0105] After performing the process of step S62, the
electric power source control portion 62 temporarily ends
the charge/discharge control routine. The charge/dis-
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charge control routine is repeatedly executed at every
predetermined short cycle period. Incidentally, if the
source power supply abnormality of the main electric
power source 100 is detected in the steering assist con-
trol, the electric power source control portion 62 does not
carry out the charge/discharge control routine. There-
fore, the operation of the voltage boost circuit 40 is
stopped, so that the charging of the subsidiary electric
power source 50 is not performed.

[0106] According to this charge/discharge control rou-
tine, if the target charge/discharge currentisub* is a pos-
itive value (isub>0), the voltage boost control is per-
formed so that current flows through the subsidiary elec-
tric power source 50 in the charging direction and so that
the magnitude of the current becomes equal to the target
charge/discharge current isub®. Therefore the boosted
voltage output from the voltage boost circuit 40 is con-
trolled so as to be higher than the power source voltage
of the subsidiary electric power source 50. That is, the
subsidiary electric power source 50 is charged with elec-
tric power from the main electric power source 100 via
the voltage boost circuit 40 in the case where the actual
amount of charge Jx is less than the target amount of
charge J* and where the output of the voltage boost circuit
40 has a margin over the electric power consumption of
the motor drive circuit 30 (the electric power consumed
to drive the electric motor 20). Besides, since the target
charge/discharge current isub* is set so that after the
amount of electric power supplied to the motor drive cir-
cuit 30 is secured the subsidiary electric power source
50 is charged by fully using the source power supply ca-
pability of the voltage boost circuit 40, the subsidiary elec-
tric power source 50 can be quickly charged.

[0107] On the other hand, in the case where the target
charge/discharge current isub* is set zero (isub*=0), the
boosted voltage of the voltage boost circuit 40 is control-
led so that neither the charge current nor the discharge
current flows through the subsidiary electric power
source 50. Therefore, the boosted voltage of the voltage
boost circuit 40 is controlled so as to be equal to the
power source voltage of the subsidiary electric power
source 50. Therefore, the subsidiary electric power
source 50 is not charged. Besides, while the electric pow-
er consumption of the motor drive circuit 30 does not
exceed the output capability of the voltage boost circuit
40, the boosted voltage is maintained so that discharge
current does not flow from the subsidiary electric power
source 50, and the motor drive circuit 30 operates only
on the output electric power of the voltage boost circuit
40. Then, if the electric power consumption of the motor
drive circuit 30 reaches an output capability limit of the
voltage boost circuit 40, the discharge current of the sub-
sidiary electric power source 50 cannot be maintained at
zero despite the voltage boost control, and therefore the
boosted voltage declines. Therefore, the amount of short-
agein electric power is supplied from the subsidiary elec-
tric power source 50 to the motor drive circuit 30. That
is, while the electric power consumption of the motordrive
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circuit 30 is within the output capability range of the volt-
age boostcircuit 40, electric power of the subsidiary elec-
tric power source 50 is not used. Only when a large
amount of large electric power that exceeds the output
performance), source power is supplied to the motor
drive circuit 30 from the main electric power source 100
and the subsidiary electric power source 50 as well.
[0108] Next, an actual-amount-of-charge detecting
process will be described. FIG. 7 represents an actual-
amount-of-charge detecting routine that is carried out by
the electric power source control portion 62, and is stored
as a control program in the ROM of the electronic control
unit 60. The actual-amount-of-charge detecting routine
is started upon the turning-on of the ignition switch 106,
and is repeatedly executed at every predetermined short
cycle period. The actual amount of charge detected by
the actual-amount-of-charge detecting routine is the ac-
tual amount of charge Jx that is read in step S18 of the
steering assist control routine, and in step S51 of the
charge/discharge control routine.

[0109] When the actual-amount-of-charge detecting
routine is started, the electric power source control por-
tion 62 reads, in step S71, the subsidiary power source
currentisub detected by the subsidiary power source cur-
rent sensor 53. Subsequently in step S72, the electric
power source control portion 62 finds a present-time ac-
tual amount of charge Jx by calculation as follows:
Jx=Jxn-1+isub, where Jxn-1 is the previously found ac-
tual amount of charge. The previous actual amount of
charge represents the actual amount of charge Jx found
one cycle before in the actual-amount-of-charge detect-
ing routine that is repeated at every predetermined cycle
period.

[0110] In this embodiment, when the ignition switch
106 is turned off, the charges stored in the subsidiary
electric power source 50 are discharged to the main bat-
tery 101. Therefore, when this detection routine is start-
ed, the actual amount of charge Jx of the subsidiary elec-
tric power source 50 is at a substantially constant small
value. Therefore, a pre-set fixed value (e.g., Jxn-1=0) is
used as an initial value of the previous actual amount of
charge Jxn-1.

[0111] Subsequently in step S73, the electric power
source control portion 62 stores the present-time actual
amount of charge Jx as the previous actual amount of
charge Jxn-1 into the RAM, and temporarily ends the
actual-amount-of-charge detecting routine. The actual-
amount-of-charge detecting routine is repeatedly execut-
ed at every predetermined short cycle period. Therefore,
the presently calculated actual amount of charge Jx is
used as the previous actual amount of charge Jxn-1 in
step S72 in the next cycle (one cycle later).

[0112] The electric power source control portion 62
finds the actual amount of charge Jx as an integrated
value of the subsidiary power source current isub by re-
peatedly performing the foregoing process during the on-
state of the ignition switch 106. In this case, when the
charge currentis flowing, the integration of the subsidiary
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power source current isub is performed toward a side of
increasing the actual amount of charge Jx of the subsid-
iary electric power source 50. When the discharge cur-
rent is flowing, the integration is performed toward a side
of decreasing the actual amount of charge Jx of the sub-
sidiary electric power source 50. Therefore, the amount
of charge that the subsidiary electric power source 50
has can be properly detected.

[0113] Next, a control of discharging charges stored in
the subsidiary electric power source 50 will be described.
In the case where a capacitor is used as the subsidiary
electric power source 50 and where the subsidiary elec-
tric power source 50 is not used for a long time, release
of the charges from the subsidiary electric power source
50 increases the service life thereof. Besides, in the case
where the actual amount of charge Jx of the subsidiary
electric power source 50 is detected on the basis of the
integrated value of the subsidiary power source current
isub, it is difficult to estimate the initial value of the amount
of charge at the time of starting up the vehicle. Therefore,
in this embodiment, when the ignition switch 106 be-
comes off, the charges stored in the subsidiary electric
power source 50 are discharged into the main battery
101 via the voltage boost circuit 40. The control process
for this will be described below with reference to FIG. 8.
[0114] FIG 8represents an end-time discharge control
routine that is executed by the electric power source con-
trol portion 62, and is stored as a control program in the
RAM of the electronic control unit 60. The end-time dis-
charge control routine is started when the turning-off op-
eration of the ignition switch 106 is detected. When this
control routine is started, the electric power source con-
trol portion 62, in step S81, outputs predetermined-fre-
quency pulse signal to the gate of the second voltage-
boosting switching element 44 of the voltage boost circuit
40 so as to turn on and off the second voltage-boosting
switching element 44 at a predetermined duty ratio. Dur-
ing a period during which the ignition switch 106 is off,
the steering assist control has already ended, so that the
switching elements 31 to 36 of the motor drive circuit 30
are maintained in an off-state. Therefore, the charges of
the subsidiary electric power source 50 are discharged
toward the main battery 101. In this case, the magnitude
of the discharge current flowing from the subsidiary elec-
tric power source 50 to the main battery 101 can be con-
trolled by appropriately setting the duty ratio of the second
voltage-boosting switching element 44. Incidentally, the
first voltage-boosting switching element 43 is maintained
in the off-state.

[0115] Subsequently in step S82, the electric power
source control portion 62 reads the subsidiary power
source current isub (value of current in the discharge
direction) measured by the subsidiary power source cur-
rent sensor 53. Then, in step S83, the electric power
source control portion 62 determines whether or not the
subsidiary power source current isub has declined to or
below a discharge stop criterion current isubend. As the
discharge stop criterion current isubend, for example, 0
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ampere is set.

[0116] While the subsidiary power source current isub
has not declines to or below the discharge stop criterion
current isubend, the process of steps S81 to S83 is re-
peatedly performed. During this period, the discharge
from the subsidiary electric power source 50 to the main
battery 101 is continued. Then, when the subsidiary pow-
er source current isub declines to or below the discharge
stop criterion current isubend (e.g., if the discharge cur-
rent stops flowing), the electric power source control por-
tion 62 turns off the second voltage-boosting switching
element 44 in step S84 to end the end-time discharge
control routine.

[0117] Hence, according to the end-time discharge
control routine, the service life of the subsidiary electric
power source 50 can be increased. Besides, the detec-
tion of the actual amount of charge following the turning-
on of the ignition switch 106 can be performed with good
precision. That is, at the time of detection of the actual
amount of charge, the charge/discharge current flowing
through the subsidiary electric power source 50 is inte-
grated to calculate the actual state of the charge/dis-
charge current. The estimation of the initial amount of
charge at the time of start is difficult. Therefore, the de-
tection error due to variations in the initial amount of
charge can be restrained by performing the actual-
amount-of-charge detecting process after discharging
charges from the subsidiary electric power source 50.
Besides, since the magnitude of the discharge current to
the main battery 101 can be controlled by utilizing the
voltage boost circuit 40, there is no need to specially pro-
vide a discharging circuit, and therefore a cost increase
is not caused.

[0118] Next, a second embodiment will be described.
In the second embodiment, the steering assist control is
changed from thatin the firstembodiment, and other con-
structions are the same as those in the first embodiment.
FIG 9represents a steering assist control routine accord-
ing to the second embodiment. This steering assist con-
trol routine has processes of steps S30, S40, S50, S161,
S162 in addition to the steering assist control routine of
the first embodiment. Therefore, the same processes as
those in the first embodiment are represented by the
same step numbers in the drawing, and the descriptions
thereof will be omitted below.

[0119] When the steering assist control routine is start-
ed, it is firstly determined in step S30 whether or not a
stop flag Fs is at "0". The stop flag Fs is set at "0" when
this routine is started, and is set at "1" by a stop timing
setting process (S40) described below. If the stop flag
Fsis"0", the process starting with step S11 isimmediately
executed. On the other hand, if the stop flag Fs is "1",
the control routine is immediately exited. Thatis, the stop
flag Fs substantially stops the steering assist control
when the value thereof is set to "1".

[0120] The stop timing setting process in which the
stop flag Fs is set to "1" will be described. The stop timing
setting process is executed as the process of step S40
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after the process of step S18. The stop timing setting
process is executed following the flowchart shown in FIG
10.

[0121] Firstly in step S41, the assist control portion 61
determines whether or not the actual amount of charge
Jxthatthe subsidiary electric power source 50 possesses
is below a pre-set stop criterion amount of charge Jmin.
If the actual amount of charge Jx is not below the stop
criterion amount of charge Jmin, the assist control portion
61 immediately exits this process, and moves to the sub-
sequent process of step S50. In the case of the source
power supply abnormality of the main electric power
source 100, the subsidiary electric power source 50 is
not charged, but provides its own stored electric power
to be consumed in driving the electric motor 20. There-
fore, the actual amount of charge Jx that the subsidiary
electric power source 50 possesses gradually declines
as time elapses, as shown in FIG 14. Then, when the
actual amount of charge Jx falls below the stop criterion
amount of charge Jmin (YES in S41), the assist control
portion 61 sets a vibration proportion R to 100% in step
S42. The vibration proportion R represents the proportion
of the duration during which the steering handle 11 is
vibrated, and will be described in detail in conjunction
with a vibration timing setting process below.

[0122] Subsequently in step S43, the assist control
portion 61 reads the value of a clock timer, and deter-
mines whether or not the timer value t has reached a
predetermined time t0O previously set. The timer value t
is set at"0" when this routine is started. If the timer value
thas notreached the predetermined time t0, (NO in S43),
the assist control portion 61 increments the timer value
t by "1" in step S44, and then temporarily exits the stop
timing setting process, and then proceeds to step S50.
The timer value t is incremented by value "1" every time
the routine is repeated. Then, when the timer value t
reaches the predetermined time t0 (YES in S43), the as-
sist control portion 61 sets the stop flag Fs to "1".
[0123] Whenthe stop flag Fsis setto "1", a substantial
content of the steering assist control is stopped from the
next control cycle on, due to the result of the determina-
tion in step S30. That is, the stop timing setting process
is a process of stopping the driving of the electric motor
20 caused by the steering assist control following the
elapse of the predetermined time t0 after the actual
amount of charge Jx of the subsidiary electric power
source 50 has fallen below the stop criterion amount of
charge Jmin.

[0124] Incidentally, the stop criterion amount of charge
Jmin and the predetermined time t0 are set at such values
that when the stop flag Fs is set to "1", the actual amount
of charge Jx of the subsidiary electric power source 50
is atleast a predetermined amount of charge thatis great-
er than zero.

[0125] Next, the vibration timing setting process of step
S50 that is executed subsequently to the stop timing set-
ting process will be described. The vibration timing set-
ting process is executed following the flowchart shown
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in FIG. 11.

[0126] In this second embodiment, in the case where
the source power supply abnormality of the main electric
power source 100 is detected, the steering handle 11 is
intermittently vibrated by using the electric motor 20, and
the proportion of the time of the vibration is increased in
accordance with declines in the actual amount of charge
Jx of the subsidiary electric power source 50. Therefore,
in the vibration timing setting process of step S50, the
timing of intermittently vibrating the steering handle 11
is set.

[0127] Firstly in step S151, the assist control portion
61 determines whether or not a count value nis equal to
a set value N. The count value n is a variable that is
incremented by value "1" every time the control routine
is repeated, and is set at value "N" when the control rou-
tine is started. Therefore, in the initial cycle, the answer
to the determination in step S151 is "YES", which is fol-
lowed by the process of step S152. In step S152, the
assist control portion 61 calculates a vibration proportion
R from the actual amount of charge Jx of the subsidiary
electric power source 50 by referring to a vibration pro-
portion map. The vibration proportion Ris the percentage
of the time duration during which the steering handle 11
is vibrated to the total of the time duration of vibration
and the time during which the vibration of the steering
handle 11 is stopped in the case where the steering han-
dle 11 is intermittently vibrated.

[0128] In the vibration proportion map, a relation be-
tween the actual amount of charge Jx and the vibration
proportion R is set as shown in FIG 12. The vibration
proportion map is stored in the memory of the electronic
control unit 60. As shown in the vibration proportion map,
the vibration proportion R is set so as to increase in ac-
cordance with declines in the actual amount of charge
Jx, and is set at 100% when the actual amount of charge
Jx is less than the stop criterion amount of charge Jmin.
Incidentally, in this embodiment, if the subsidiary electric
power source 50 is nearly fully charged, the vibration
proportion R is set at 0%. However, this is not altogether
necessary. For example, the vibration proportion char-
acteristic may also be set so that when the source power
supply abnormality of the main electric power source 100
is detected, the steering handle 11 is vibrated even if the
subsidiary electric power source 50 is fully charged.
[0129] Subsequently in step S153, the assist control
portion 61 sets the count value n to value "0". Next in
step S156, the assist control portion 61 determines
whether or not the following conditional expression (1) is
satisfied: n<N<R/100 ...(1). If the conditional expression
(1) is satisfied, the assist control portion 61 sets a vibra-
tion flag Fv to "1" in step S155, and if not, the assist
control portion 61 sets the vibration flag Fv to "0" in step
S156. After setting the vibration flag Fv, the assist control
portion 61 increments the count value n by value "1" in
step S157, and then temporarily exits the vibration timing
setting process. The vibration flag Fv is a signal that de-
termines whether or not to vibrate the steering handle
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11, as can be understood from the below description.
Briefly, Fv=1 gives a vibration command, and Fv=0 gives
a vibration stop command.

[0130] Thisprocessisrepeatedly executed. Therefore,
when the second cycle of this routine starts, the count
value n is "1", and therefore the answer to the determi-
nation in step S151 is "NO", so that the process of steps
S152 and S153 is skipped. In this case, therefore, a cal-
culation process for the vibration proportion R is not per-
formed, and the vibration flag Fv is set on the basis of
the conditional expression (1) with the vibration propor-
tion R being the previously calculated value.

[0131] The count value n is a value that increases at
every predetermined time (every control cycle period of
this routine), and therefore represents the elapsed time,
but is cleared to zero every time an amount of time cor-
responding to the set value N elapses. This set value N
sets the cycle period for the intermittent vibrations. Be-
sides, in the right-hand side of the conditional expression
(1), the vibration proportion R expressed in decimal form
is multiplied by the set value N. Therefore, as shown in
FIG 13, the conditional expression (1) causes the vibra-
tion flag Fv to be set at "1" in every cycle until the count
value n reaches the value (N*R/100).

[0132] That s, the vibration timing setting process is a
process in which the vibration proportion R commensu-
rate with the actual amount of charge Jx of the subsidiary
electric power source 50 is periodically calculated, and
the time duration during which the vibration flag Fv is set
at "1" is set so as to be longer the greater the vibration
proportion R. After the vibration timing setting process is
executed, the process starting with step S19 is per-
formed. Incidentally, when the vibration proportion R is
setto 100% in the stop timing setting process, the deter-
mination process of step S156 is performed at that time
point with the vibration proportion R set at 100%, without
waiting for the calculation process in step S152.

[0133] Thethus-setvibration flag Fv is subjected to the
flag status determination in step S161 in steering assist
control (FIG. 9). If the vibration flag Fv is "1" (YES in
S161), the assist control portion 61 calculates a new tar-
get current ias™ of the electric motor 20 obtained by add-
ing a vibration-purpose current Aivib to the present target
current ias* (ias*<«ias*+Aivib) in step S162. The vibra-
tion-purpose current Aivib is a value of current that cor-
rects the target current ias* calculated in step S21 so that
the output of the electric motor 20 vibrates, and is alter-
nately switched between a positive value and a negative
value at predetermined cycle period as shown in FIG.
15. For example, every time the steering assist control
routine is executed, the sign of the vibration-purpose cur-
rent Aivib may be switched. Therefore, the target current
ias* changes in a vibrating manner.

[0134] On the other hand, if in step S161 it is deter-
mined that the vibration flag Fv is not "1", the process of
step S162 is not performed. Therefore, the vibration-pur-
pose current Aivib is not added to the target current ias*
of the electric motor 20.
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[0135] According to the above-described electric pow-
er steering device of the second embodiment, if the
source power supply abnormality of the main electric
power source 100 is detected, the assist characteristic
is switched to the abnormality-time assist characteristic,
and the steering handle 11 is intermittently vibrated.
Therefore, the driver can be reliably made to be aware
of the abnormality.

[0136] Furthermore, as shownin FIG. 14, as the actual
amount of charge Jx of the subsidiary electric power
source 50 declines, the vibration proportion R, that is,
the proportion of the duration during which the steering
handle 11 vibrates, increases. Therefore, the driver can
easily be caused to anticipate that the abnormality of the
electric power steering device is progressing (worsen-
ing), by both the steering handle operation becoming pro-
gressively heavier and the vibration duration of the steer-
ing handle 11 becoming progressively longer.

[0137] Besides, since the steering handle 11 is contin-
uously vibrated after the actual amount of charge Jx falls
below the stop criterion amount of charge Jmin, the driver
can be caused to anticipate that the steering assist will
soon stop. Therefore, when the steering assist stops after
a predetermined time, the driver will not be surprised.
[0138] Besides, at a stage where the actual amount of
charge Jx of the subsidiary electric power source 50 is
greater than or equal to a predetermined amount of
charge, the steering assist and the vibration of the steer-
ing handle 11 are stopped. After that, therefore, the elec-
tric power left in the subsidiary electric power source 50
can be effectively used by the electronic control unit 60.
[0139] Besides, since the electric motor 20 for the
steering assist is used also as the actuator that vibrates
the steering handle 11, there is no need to provide a
special vibration actuator. Therefore, a cost increase is
not brought about, and the installation space of the vi-
bration actuator is not needed.

[0140] Besides, similarly to the first embodiment, the
second embodiment can favorably maintain the source
power supply from the subsidiary electric power source
50, and can elongate the period during which the steering
assist is possible.

[0141] Incidentally, a function portion of the assist con-
trol portion thatexecutes the process of steps S161, 5162
corresponds to vibration control means in the invention,
and a function portion of the assist control portion 61 that
executes the vibration timing setting routine corresponds
to vibration operation duration proportion control means
inthe invention, and a function portion of the assist control
portion 61 that executes the stop timing setting routine
corresponds to operation stop means in the invention.
[0142] While the electric power steering devices as
embodiments of the invention have been described
above, the invention is not limited to the above-described
embodiments, but can be modified in various manners
without departing from the object of the invention.
[0143] For example, when the source power supply
abnormality of the main electric power source 100 is
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present, the upper limit of the electric power consumed
by driving the electric motor 20 may be reduced so as to
maintain the source power supply from the subsidiary
electric power source 50 even more favorably. FIG. 16
is a flowchart representing a portion of a steering assist
control routine as such a modification of the foregoing
embodiments. This modification is a routine that includes
a process of step S171 to step S174 in addition to the
steering assist control routine of the first embodiment or
the second embodiment. The added process will be de-
scribed.

[0144] Atfter calculating the target current ias* in step
S21, the assist control portion 61 calculates an upper-
limit electric power WIim for setting an upper limit value
of the electric power thatis consumed by driving the elec-
tric motor 20 in step S171. This upper-limit electric power
WIlim is found by multiplying the upper-limit electric power
WIim that is set when the source power supply from the
main electric power source 100 is normal, by a reduction
coefficient K (0<K<1) (Wlim«K+Wlim). Thatis, when the
source power supply from the main electric power source
100 is abnormal, the upper limit value of the electric pow-
er consumption of the electric motor 20 is set at a smaller
value than when the source power supply therefrom is
normal. For example, in the case where the reduction
coefficient K is 0.5, the upper-limit electric power Wlim
is half the upper-limit electric power Wlim set at the time
of normality of the source power supply.

[0145] In step S172, the assist control portion 61 cal-
culates the actual electric power Wx that is consumed
by driving the electric motor 20. The actual electric power
Wox is calculated by multiplying the output voltage v2 de-
tected by the second voltage sensor 52 and the output
current i2 detected by the output current sensor 54. Sub-
sequently in step S173, the assist control portion 61 de-
termines whether or not the actual electric power Wx is
larger than the upper-limit electric power WIim. If the ac-
tual electric power Wx is larger than the upper-limit elec-
tric power Wlim (NO in S173), the assist control portion
61 outputs the PWM control signal commensurate with
the command voltage v* calculated in step S16 to the
motor drive circuit 30 (S17).

[0146] On the other hand, if the actual electric power
Wx s larger than the upper-limitelectric power Wlim (YES
in S173), the process proceeds to step S174, in which
the assist control portion 61 calculates a deviation AW
between the actual electric power Wx and the upper-limit
electric power WIim, and calculates a command voltage
v* by the Pl control (proportional-plus-integral control)
based onthe deviation AW. That is, the command voltage
v* is feedback-controlled so that the deviation AW be-
comes zero. Then, the assist control portion 61 outputs
the PWM control signal commensurate with the calculat-
ed command voltage v* to the motor drive circuit 30 (S17).
Thus, the actual electric power Wx is restricted so as not
to exceed the upper-limit electric power WIim.

[0147] According to this modification, at the time of the
source power supply abnormality of the main electric

10

15

20

25

30

35

40

45

50

55

19

power source 100, the source power supply from the sub-
sidiary electric power source 50 can be maintained even
more favorably, so that it is possible to further elongate
the period during which the steering assist can be per-
formed.

[0148] Besides, in the foregoing embodiments, the as-
sistmapin which the relation between the steering torque
Tx and the target currentias® is set is stored as an assist
characteristic. However, a function that derives a target
current ias* from the steering torque Tx, or the like, may
also be stored as an assist characteristic. Besides, with
regard to the shift amount map for calculating the char-
acteristic shift amount ATx from the actual amount of
charge Jx, and the vibration proportion map for calculat-
ing the vibration proportion R from the actual amount of
charge Jx, too, other kinds of relation-connecting infor-
mation, such as a function or the like, may also be used.
[0149] Besides, in the foregoing embodiments, the al-
teration of the characteristic of the assist map is per-
formed by shifting the steering torque Tx to the increase
side. However, the target current ias of the original assist
map may also be multiplied by a reduction coefficient o
(0<a<1), so as toreduce the generation of steering assist
force.

[0150] Besides, although in the second embodiment,
the actuator that vibrates the steering handle 11 is real-
ized by the electric motor 20 provided for generating as-
sist torque, a different actuator may be provided. Be-
sides, a construction in which the steering handle 11 is
not vibrated may also be adopted. Although in the second
embodiment, the steering assist and the vibration of the
steering handle 11 are simultaneously stopped by setting
the stop flag Fs to "1", the stop timing of the steering
assist and the stop timing of the vibration may be sepa-
rately set.

[0151] Besides, in the first embodiment, the timing of
stopping the steering assist may be set on the basis of
the actual amount of charge Jx of the subsidiary electric
power source 50 so that the amount of charge of the
subsidiary electric power source 50 at the time of stop of
the steering assist is greater than or equal to a predeter-
mined amount of charge thereof.

[0152] Besides, at the time of the source power supply
abnormality of the main electric power source 100, a
warning lamp (not shown) may be turned on in addition
to the switching of the assist characteristic.

[0153] Besides, the electric motor 20 may be a single-
phase motor, and the motor drive circuit 30 may also be
an H-bridge circuit or the like. Besides, although in the
foregoing embodiments, the charge/discharge of the
subsidiary electric power source 50 is controlled by con-
trolling the boosted voltage of the voltage boost circuit
40, other manners of control may also be employed. For
example, the charging and discharging of the subsidiary
electric power source 50 may also be switched and con-
trolled by using a switching circuit.

[0154] In the embodiments of the invention, first elec-
tric power source abnormality detection means is able to
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detect a state in which the source power supply to the
electric motor is stopped, for example, on the basis of
the output voltage of the first electric power source. Be-
sides, for example, in the case where the first electric
power source is constructed of a battery and an alternator
that charges the battery, the source power supply abnor-
mality of the first electric power source can be detected
by detecting abnormality of the alternator.

[0155] Besides, second source power supply capabil-
ity detection means can perform, for example, as follows.
That is, in the case where the second electric power
source is a subsidiary electric power source (electric stor-
age device) that stores electric power the first electric
power source outputs, and that assists in the source pow-
er supply to the electric motor by using the stored electric
power, the second source power supply capability de-
tection means can detect the amount of charge of the
second electric power source (the amount of charge
stored therein), and can detect the source power supply
capability of the second electric power source from the
detected amount of charge.

[0156] In the case where the source power supply ab-
normality occurs in the first electric power source, a prop-
er driving control of the electric motor cannot be main-
tained. In this case, it is preferable that the driver be
caused to be aware of the occurrence of the abnormality
in an early period, and that the steering assist function
be sustained for as long a time as possible by favorably
maintaining the source power supply from the second
electric power source.

[0157] In the embodiments of the invention, it is per-
missible to set an abnormality-time assist characteristic
in which the assist force relative to the steering torque is
set lower the lower the source power supply capability
of the second electric power source. In the embodiments
of the invention, the timing of stopping the operation of
the vibration actuator, and the timing of stopping the gen-
eration of the assist force by the electric motor do not
need to be simultaneous with each other, but may also
be set independently of each other.

[0158] While some embodiments of the invention have
been illustrated above, it is to be understood that the
invention is not limited to details of the illustrated embod-
iments, but may be embodied with various changes,
modifications orimprovements, which may occurto those
skilled in the art, without departing from the scope of the
invention, as defined in the appended claims.

Claims

1. A vehicle steering device that includes: a steering
mechanism (10) that steers a wheel of a vehicle upon
steering operation of a steering handle (11); an elec-
tric motor (20) that is supplied with source power
from an electric power supply device in which a first
electric power source and a second electric power
source are interconnected in parallel, and that gen-
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erates assist force that assists in the steering oper-
ation of the steering handle (11); steering torque de-
tection means (21) for detecting steering torque that
is input to the steering handle (11) by a driver of the
vehicle; and motor control means for controlling driv-
ing of the electric motor (20) based on an assist char-
acteristic in which a relation between the steering
torque and the assist force is set so as to have a
characteristic that the assist force increases in ac-
cordance at least with increases in the steering
torque;

first electric power source abnormality detection
means for determining whether or not source power
supply from the first electric power source is abnor-
mal;

second source power supply capability detection
means for detecting source power supply capability
of the second electric power source, characterized
by comprising:

assist characteristic switch means for switching,
whenitis determined thatthe source power sup-
ply from the first electric power source is abnor-
mal, the assist characteristic from the assist
characteristic set for a time when the source
power supply from the first electric power source
is normal stepwise to an abnormality-time assist
characteristic in which the assist force relative
to the steering torque is set lower than in the
assist characteristic set for the time of normality;
and

assist characteristic alteration means for alter-
ing, after the assist characteristic is switched
stepwise to the abnormality-time assist charac-
teristic by the assist characteristic switch
means, the abnormality-time assist characteris-
tic so that the assist force relative to the steering
torque further declines continuously in accord-
ance with declines in the source power supply
capability of the second electric power source
detected by the second source power supply ca-
pability detection means.

2. The vehicle steering device according to claim 1,
wherein:

the first electric power source is a main electric
power source that supplies source power to the
electric motor and to a vehicle-mounted electri-
cal load other than the electric motor; and

the second electric power source is an auxiliary
electric power source that stores electric power
the first electric power source outputs, and that
supplies source power to the electric motor by
using the electric power stored.

3. The vehicle steering device according to claim 1 or
2, wherein the second source power supply capabil-
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ity detection means detects the source power supply
capability of the second electric power source based
on the amount of charge of the second electric power
source.

The vehicle steering device according to any one of
claims 1 to 3, wherein the abnormality-time assist
characteristic that is switched by the assist charac-
teristic switch means is the assist characteristic that
is commensurate with the source power supply ca-
pability of the second electric power source detected
by the second source power supply capability detec-
tion means.

The vehicle steering device according to any one of
claims 1 to 4, wherein:

the assist characteristic is a characteristic in
which the relation between the steering torque
and the assist force is set based on the steering
torque and a target current value of the electric
motor; and

the assist characteristic switch means switches
the assist characteristic to the abnormality-time
assist characteristic by shifting a value of the
steering torque relative to the target current val-
ue to an increase side.

The vehicle steering device according to claim 5,
wherein the assist characteristic alteration means al-
ters the abnormality-time assist characteristic by fur-
ther shifting a value of the steering torque relative to
the target current value to an increase side.

The vehicle steering device according to any one of
claims 1 to 6, further comprising:

a vibration actuator that vibrates the steering
handle; and vibration control means for intermit-
tently operating the vibration actuator if source
power supply abnormality of the first electric
power source is detected by the first electric
power source abnormality detection means.

The vehicle steering device according to claim 7, fur-
ther comprising vibration operation duration propor-
tion control means for increasing an operation dura-
tion proportion in intermittent operation of the vibra-
tion actuator in accordance with declines in the
source power supply capability of the second electric
power source detected by the second source power
supply capability detection means, and for causing
the vibration actuator to be in a continuously oper-
ating state when the source power supply capability
of the second electric power source becomes below
a reference level.

The vehicle steering device according to claim 8, fur-
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ther comprising operation stop means for stopping
the operation of the vibration actuator and generation
of the assist force by the electric motor at elapse of
at least a predetermined time after the source power
supply capability of the second electric power source
becomes below the reference level.

The vehicle steering device according to any one of
claims 7 to 9, wherein:

the vibration actuator is an electric motor; and
the vibration control means changes amount of
electrification of the electric motor in a vibrating
manner during a period during which the steer-
ing handle is vibrated.

The vehicle steering device according to claim 3, fur-
ther comprising:

voltage detection means for detecting output
voltage of the first electric power source; and
current detection means for detecting output
current of the second electric power source,
wherein:

the source power supply from the first elec-
tric power source being normal is a state in
which the detected output voltage of the first
electric power source is greater than or
equal to a predetermined value;

the first electric power source abnormality
detection means determines thatthe source
power supply from the first electric power
source is abnormal, when the detected out-
put voltage of the first electric power source
is below the predetermined value; and

the second source power supply capability
detection means calculates the amount of
charge of the second electric power source
based on the detected output current of the
second electric power source.

A control method for a vehicle steering device that
includes: a steering mechanism (10) that steers a
wheel of a vehicle upon steering operation of a steer-
ing handle (11); an electric motor (20) thatis supplied
with source power from an electric power supply de-
vice in which a first electric power source and a sec-
ond electric power source are interconnected in par-
allel, and that generates assist force that assists in
the steering operation of the steering handle (11);
steering torque detection means (21) for detecting
steering torque that is input to the steering handle
(11) by a driver of the vehicle; and motor control
means for controlling driving of the electric motor
based on an assist characteristic in which a relation
between the steering torque and the assist force is
set so as to have a characteristic that the assist force
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changes according at least to the steering torque,
comprising the steps of

determining whether or not source power supply
from the first electric power source is abnormal;
detecting source power supply capability of the
second electric power source, characterized
by the steps of:

switching, when it is determined that the source
power supply from the first electric power source
is abnormal, the assist characteristic from the
assist characteristic set for a time when the
source power supply of the first electric power
source is normal stepwise to an abnormality-
time assist characteristic in which the assist
force relative to the steering torque is set lower
than in the assist characteristic set for the time
of normality; and

altering, after the assist characteristic is
switched stepwise to the abnormality-time assist
characteristic by the assist characteristic switch
means, the abnormality-time assist characteris-
tic so that the assist force relative to the steering
torque further declines continuously in accord-
ance with declines in the source power supply
capability of the second electric power source
detected by the second source power supply ca-
pability detection means.

13. The control method according to claim 12, further

comprising:

detecting output voltage of the first electric pow-
er source; and

detecting output current of the second electric
power source,

wherein:

the source power supply from the first elec-
tric power source being normal is a state in
which the detected output voltage of the first
electric power source is greater than or
equal to a predetermined value;

it is determined that the first electric power
source is in an abnormal source power sup-
ply state, when the detected output voltage
of the first electric power source is below
the predetermined value; and

the source power supply capability of the
second electric power source is detected
based on the detected output current of the
second electric power source.

Patentanspriiche

Fahrzeuglenkvorrichtung, die folgendes umfasst: ei-
nen Lenkmechanismus (10), der ein Rad eines Fahr-
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zeugs nach einer Lenkbetatigung einer Lenkhand-
habe (11) lenkt bzw. steuert; einen Elektromotor
(20), der mit einem Quellenstrom von einer Strom-
versorgungseinrichtung, bei der eine erste elektri-
sche Stromquelle und eine zweite elektrische Strom-
quelle parallel zueinander verschaltet bzw. verbun-
den sind, versorgt wird und der eine Unterstiitzungs-
kraft, die die Lenkbetatigung der Lenkhandhabe (11)
unterstitzt, erzeugt; eine Lenkdrehmomentdetekti-
onseinrichtung (21) zum Detektieren eines Lenk-
drehmoments, das durch einen Fahrer des Fahr-
zeugs uber die Lenkhandhabe (11) zugeflhrt wird;
eine Motorsteuerungseinrichtung zum Steuern ei-
nes Antriebs des Elektromotors (20) auf der Grund-
lage einer Unterstltzungscharakteristik bzw. -kenn-
linie, bei der eine Beziehung zwischen dem Lenk-
drehmoment und der Unterstltzungskraft so einge-
stelltist, dass eine Kennlinie vorliegt, bei der die Un-
terstlitzungskraft zumindest gemal Zunahmen des
Unterstitzungsdrehmoments zunimmt;

eine Erst-Stromquellen-Abnormalitatsdetekti-
onseinrichtung zum Bestimmen, ob die Quellen-
stromversorgung der ersten elektrischen Stromquel-
le abnormal ist oder nicht; und

eine Zweit-Quellenstromversorgungs-Leistungsfa-
higkeitsdetektionseinrichtung zum Detektieren einer
Quellenstromversorgungsleistungsfahigkeit der
zweiten elektrischen Stromquelle, gekennzeichnet
durch

eine Unterstitzungskennlinienumschalteinrichtung
zum schrittweisen Umschalten der Unterstlitzungs-
kennlinie von der Unterstitzungskennlinie, die fir ei-
ne Zeit, wenn die Quellenstromversorgung von der
ersten elektrischen Stromquelle normal ist, einge-
stellt ist, in eine Abnormalitatszeit-Unterstiitzungs-
kennlinie, bei der die Unterstltzungskraft relativ zu
dem Lenkdrehmoment niedriger eingestellt ist als in
der Unterstiitzungskennlinie, die fiir die Zeit der Nor-
malitdt eingestellt ist, wenn festgestellt bzw. be-
stimmtist, dass die Quellenstromversorgung von der
ersten elektrischen Stromquelle abnormal ist, und
eine  Unterstlitzungskennliniendnderungseinrich-
tung zum Andern der Abnormalitatszeit-Unterstiit-
zungskennlinie, so dass die Unterstltzungskraft re-
lativ zu dem Lenkdrehmoment kontinuierlich weiter
kontinuierlich gemaR von der Zweit-Quellenstrom-
versorgungs-Leistungsfahigkeitsdetektionseinrich-
tungn detektierten Abnahmen der Quellenstromver-
sorgungsleistungsfahigkeit der zweiten elektrischen
Stromquelle abnimmt, nachdem die Unterstiitzungs-
kennlinie durch die Unterstitzungskennlinienum-
schalteinrichtung schrittweise in die Abnormalitats-
zeit-Unterstlitzungskennlinie umgeschaltet worden
ist.

Fahrzeuglenkvorrichtung nach Anspruch 1, wobei
die erste elektrische Stromquelle eine Hauptstrom-
quelle ist, die den Elektromotor und eine von dem



43

Elektromotor verschiedene, am Fahrzeug montierte
elektrische Last mit Quellenleistung versorgt, und
die zweite elektrische Stromquelle eine elektrische
Hilfsstromquelle ist, die elektrische Energie, die die
erste elektrische Stromquelle ausgibt, speichert und
die durch Verwendung der gespeicherten elektri-
schen Energie den Elektromotor mit Quellenleistung
versorgt.

Fahrzeuglenkvorrichtung nach Anspruch 1 oder 2,

wobei die Zweit-Quellenstromversorgungs-
Leistungsfahigkeitsdetektionseinrichtung die
Quellenstromversorgungsleistungsfahigkeit der

zweiten elektrischen Stromquelle auf der Grundlage
der Ladungsmenge der zweiten elektrischen Strom-
quelle detektiert.

Fahrzeuglenkvorrichtung nach einem der Anspri-
che 1 bis 3, wobei die Abnormalitatszeit-Unterstdit-
zungskennlinie, die durch die Unterstiitzungskenn-
linienumschalteinrichtung umgeschaltet wird, die
Unterstitzungskennlinie ist, die im rechten Verhalt-
nis zu der von der Zweit-Quellenstromversorgungs-
Leistungsfahigkeitsdetektionseinrichtung der zwei-
ten elektrischen Stromquelle detektierten
Quellenstromversorgungsleistungsfahigkeit der
zweiten elektrischen Stromquelle ist.

Fahrzeuglenkvorrichtung nach einem der Anspri-
che 1 bis 4, wobei

die Unterstlitzungskennlinie eine Kennlinie ist, bei
der die Beziehung zwischen dem Lenkdrehmoment
und der Unterstiitzungskraft auf der Grundlage des
Lenkdrehmoments und eines Soll-Stromwerts des
Elektromotors eingestellt ist, und

die Unterstitzungskennlinienumschalteinrichtung
die Unterstiitzungskennlinie in die Abnormalitats-
zeit-Unterstiitzungskennlinie durch Verschieben ei-
nes Werts des Lenkdrehmoments relativ zu dem
Soll-Stromwert zu einer Zunahmeseite umschaltet.

Fahrzeuglenkvorrichtung nach Anspruch 5, wobei
die Unterstitzungskennliniendnderungseinrichtung
die Abnormalitatszeit-Unterstiitzungskennlinie
durch Weiterverschieben eines Werts des Lenk-
drehmoments relativ zu dem Soll-Stromwert zu einer
Zunahmeseite andert.

Fahrzeuglenkvorrichtung nach einem der Anspri-
che 1 bis 6, die ferner einen Vibrationsaktuator, der
die Lenkhandhabe in Schwingungen versetzt, und
eine Vibrationssteuerungseinrichtung zum zeitweili-
gen Betatigen des Vibrationsaktuators aufweist,
wenn die Abnormalitét der Quellenstromversorgung
der ersten elektrischen Stromquelle durch die Erst-
Stromquellen-Abnormalitatsdetektionseinrichtung
detektiert wird.
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Fahrzeuglenkvorrichtung nach Anspruch 7, die fer-
ner eine Vibrationsbetatigungs-Zeitdaueranteil-
Steuerungseinrichtung aufweist, um einen Betati-
gungszeitdaueranteils bei der zeitweiligen Betati-
gungdes Vibrationsaktuators gemal Abnahmen der
von den Zweit-Quellenstromversorgungs-
Lleistungsfahigkeitsdetektionseinrichtung detektier-
ten Quellenstromversorgungsleistungsfahigkeit der
zweiten elektrischen Stromquelle zu erhéhen und
um zu bewirken, dass der Vibrationsaktuator in ei-
nem kontinuierlichen Betriebszustand ist, wenn die
Quellenstromversorgungsleistungsfahigkeit der
zweiten elektrischen Stromquelle niedriger als ein
Referenzwert wird.

Fahrzeuglenkvorrichtung nach Anspruch 8, die fer-
ner eine Betatigungsbeendigungseinrichtung auf-
weist, um die Betatigung des Vibrationsaktuators zu
beenden und um die Unterstiitzungskraft durch den
Elektromotor beim Ablauf von zumindest einer vor-
bestimmten Zeitdauer, nachdem die Quellenstrom-
versorgungsleistungsfahigkeit der zweiten elektri-
schen Stromquelle niedriger als der Referenzwert
wird, zu erzeugen.

Fahrzeuglenkvorrichtung nach einem der Anspri-
che 7 bis 9, wobei der Vibrationsaktuator ein Elek-
tromotor ist und

die Vibrationssteuerungseinrichtung einen Elekirifi-
zierungsgrad des Elektromotors in einer vibrieren-
den Weise wahrend einer Zeitdauer, wahrend der
die Lenkhandhabe vibriert wird, verandert.

Fahrzeuglenkvorrichtung nach Anspruch 3, die fer-
ner

eine Spannungsdetektionseinrichtung zum Detek-
tieren einer Ausgangsspannung der ersten elektri-
schen Stromquelle und

eine Stromdetektionseinrichtung zum Detektieren
eines Ausgangsstroms der zweiten elektrischen
Stromquelle aufweist, wobei

ein Normal-Zustand der Quellenstromversorgung
von der ersten elektrischen Stromquelle ein Zustand
ist, bei dem die detektierte Ausgangsspannung der
ersten elektrischen Stromquelle grofRer oder gleich
einem vorbestimmten Wert ist,

die Erst-Stromquellen-Abnormalitatsdetektionsein-
richtung bestimmt, dass die Quellenstromversor-
gung von der ersten elektrischen Stromquelle ab-
normal ist, wenn die detektierte Ausgangsspannung
der ersten elektrischen Stromquelle niedriger als der
vorbestimmte Wert ist, und

die Zweit-Quellenstromversorgungs-Lleistungsfa-
higkeitsdetektionseinrichtung die Ladungsmenge
der zweiten elektrischen Stromquelle auf der Grund-
lage des detektierten Ausgangsstroms der zweiten
elektrischen Stromquelle berechnet.
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12. Steuerungsverfahren fir eine Fahrzeuglenkvorrich-

tung, die einen Lenkmechanismus (10), der ein Rad
eines Fahrzeugs nach einer Lenkbetatigung einer
Lenkhandhabe (11) steuert, einen Elektromotor
(20), der mit einem Quellenstrom von einer Strom-
versorgungseinrichtung, bei der eine erste elektri-
sche Stromquelle und eine zweite elektrische Strom-
quelle parallel zueinander verbunden sind, versorgt
wird und der eine Unterstiitzungskraft, die bei der
Lenkbetatigung der Lenkhandhabe (11) unterstiitzt,
erzeugt, eine Lenkdrehmomentdetektionseinrich-
tung (21) zum Detektieren eines Lenkdrehmoments,
das durch einen Fahrer des Fahrzeugs Uber die
Lenkhandhabe (11) zugefihrt wird, und eine Motor-
steuerungseinrichtung zum Steuern eines Antriebs
des Elektromotors auf der Grundlage einer Unter-
stlitzungskennlinie aufweist, bei der eine Beziehung
zwischen dem Lenkdrehmoment und der Unterstut-
zungskraft so eingestelltist, dass eine Kennlinie vor-
liegt, bei der sich die Unterstiitzungskraft zumindest
gemall Zunahmen des Unterstitzungsdrehmo-
ments verandert, wobei das Verfahren folgende
Schritte hat:

Bestimmen, ob die Quellenstromversorgung
von der ersten elektrischen Stromquelle abnor-
mal ist oder nicht, und

Detektieren einer Quellenstromversorgungs-
leistungsfahigkeit der zweiten elektrischen
Stromquelle, gekennzeichnet durch folgende
Schritte:

schrittweises Umschalten der Unterstut-
zungskennlinie von der Unterstlitzungs-
kennlinie, die fur eine Zeit, wenn die Quel-
lenstromversorgung der ersten elektri-
schen Stromquelle normal ist, eingestellt
ist, schrittweise in eine Abnormalitatszeit-
Unterstltzungskennlinie, bei der die Unter-
stutzungskraft relativ zu dem Lenkdrehmo-
ment niedriger eingestellt ist als in der Un-
terstlitzungskennlinie, die fir die Zeit der
Normalitét eingestellt ist, wenn bestimmt
wird, dass die Quellenstromversorgung von
der ersten elektrischen Stromquelle abnor-
mal ist, und

Andern der Abnormalitatszeit-Unterstiit-
zungskennlinie, so dass die Unterstut-
zungskraft relativ zu dem Lenkdrehmoment
gemaR durch eine Zweit-Quellenstromver-
sorgungs-Leistungsfahigkeitsdetekti-
onseinrichtung detektierter Abnahmen der
Quellenstromversorgungsleistungsfahig-
keit der zweiten elektrischen Stromquelle
kontinuierlich weiter abnimmt, nachdem die
Unterstlitzungskennlinie durch die
Unterstlitzungskennlinienumschalteinrich-
tung schrittweise in die Abnormalitatszeit-
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Unterstitzungskennlinie umgeschaltet hat.

13. Steuerungsverfahren nach Anspruch 12, mit den

Schritten des Detektierens einer Ausgangsspan-
nung der ersten elektrischen Stromquelle, und des
Detektierens eines Ausgangsstroms der zweiten
elektrischen Stromquelle, wobei ein Normal-Zu-
stand der Quellenstromversorgung von der ersten
elektrischen Stromquelle ein Zustand ist, bei dem
die detektierte Ausgangsspannung der ersten elek-
trischen Stromquelle gréfRer oder gleich einem vor-
bestimmten Wert ist,

bestimmt wird, dass die Quellenstromversorgung
von der ersten elektrischen Stromquelle ein abnor-
maler Quellenstromversorgungszustand ist, wenn
die detektierte Ausgangsspannung der ersten elek-
trischen Stromquelle niedriger als der vorbestimmte
Wert ist, und

die Quellenstromversorgungsleistungsfahigkeit der
zweiten elektrischen Stromquelle auf der Grundlage
des detektierten Ausgangsstroms der zweiten elek-
trischen Stromquelle detektiert wird.

Revendications

Dispositif de direction de véhicule qui inclut : un mé-
canisme (10) de direction qui oriente une roue d’'un
véhicule lors d’une opération de braquage d’un vo-
lant (11) de direction ; un moteur électrique (20) qui
est alimenté avec de I'énergie d’'une source prove-
nant d’un dispositif de fourniture d’énergie électrique
dans lequel une premiére source d’énergie électri-
que et une seconde source d’énergie électrique sont
interconnectées en paralléle, et qui engendre une
force d’assistance qui assiste I'opération de braqua-
ge du volant (11) de direction ; un moyen (21) de
détection de couple de braquage destiné a détecter
un couple de braquage qui est entré sur le volant
(11) de direction par le conducteur du véhicule ; et
un moyen de commande de moteur destiné a com-
mander l'attaque du moteur électrique (20) en se
basant sur une caractéristique d’assistance dans la-
quelle une relation entre le couple de braquage et la
force d’assistance est fixée de fagon a avoir une ca-
ractéristique telle que la force d’assistance augmen-
te en fonction au moins des augmentations du cou-
ple de braquage ;

un moyen de détection d’anomalie de la premiére
source d’énergie électrique destiné a déterminer si
la fourniture d’énergie de source par la premiére
source d’énergie électrique est ou non anormale ;
un moyen de détection de capacité de fourniture
d’énergie de la seconde source destiné a détecter
la capacité de fourniture d’énergie de source de la
seconde source d’énergie électrique,

caractérisé en ce qu’il comprend :
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un moyen de commutation de caractéristique
d’assistance destiné, lorsqu’il est déterminé que
la fourniture d’énergie de source par la premiére
source d’énergie électrique est anormale, a
commuter pas a pas la caractéristique d’assis-
tance de la caractéristique d’assistance fixée en
un temps ou la fourniture d’énergie de source
par la premiere source d’énergie électrique était
normale en une caractéristique d’assistance de
temps d’anomalie dans laquelle laforce d’assis-
tance par rapport au couple de braquage est
fixée plus basse que dans la caractéristique
d’assistance fixée en temps de normalité ; et
un moyen d’altération de caractéristique d’as-
sistance destiné, apres que la caractéristique
d’assistance a été commutée pas a pas en la
caractéristique d’assistance de temps d’anoma-
lie par le moyen de commutation de caractéris-
tique d’assistance, a altérer la caractéristique
d’assistance de temps d’anomalie de fagon que
la force d’assistance par rapport au couple de
braquage diminue davantage de fagon continue
en fonction du déclin de la capacité de fourniture
d’énergie de source de la seconde source
d’énergie électrique détectée par le moyen de
détection de capacité de fourniture d’énergie de
la seconde source.

Dispositif de direction de véhicule selon la revendi-
cation 1, dans lequel la premiere source d’énergie
électrique est une source d’énergie électrique prin-
cipale qui délivre de I'énergie de source au moteur
électrique et a une charge électrique montée sur vé-
hicule autre que le moteur électrique, et

dans lequel la seconde source d’énergie électrique
estune source d’énergie électrique auxiliaire qui em-
magasine de I'énergie électrique que sort la premie-
re source d’énergie électrique, et qui délivre de
I'énergie de source au moteur électrique en utilisant
I'énergie électrique emmagasinée.

Dispositif de direction de véhicule selon la revendi-
cation 1 ou 2, dans lequel le moyen de détection de
capacité de fourniture d’énergie de la seconde sour-
ce détecte la capacité de fourniture d’énergie de
source de la seconde source d’énergie électrique en
se basant sur la quantité de charge de la seconde
source d’énergie électrique.

Dispositif de direction de véhicule selon l'une quel-
conque des revendications 1 a 3, dans lequel la ca-
ractéristique d’assistance de temps d’anomalie qui
est commutée par le moyen de commutation de ca-
ractéristique d’assistance estla caractéristique d’'as-
sistance qui est proportionnée a la capacité de four-
niture d’énergie de source de la seconde source
d’énergie électrique détectée par le moyen de dé-
tection de capacité de fourniture d’énergie de la se-
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conde source.

Dispositif de direction de véhicule selon 'une quel-
conque des revendications 1 a 4,

dans lequel la caractéristique d’assistance est une
caractéristique dans laquelle la relation entre le cou-
ple de braquage et la force d’assistance est fixée en
se basant surle couple de braquage et surune valeur
cible de courant du moteur électrique, et

dans lequel le moyen de commutation de caracté-
ristique d’assistance commute la caractéristique
d’assistance en la caractéristique d’assistance de
temps d’anomalie en décalant vers le co6té augmen-
tation la valeur du couple de braquage par rapport
a la valeur cible de courant.

Dispositif de direction de véhicule selon la revendi-
cation 5, dans lequel le moyen d’altération de carac-
téristique d’assistance altére la caractéristique d’as-
sistance de temps d’anomalie en décalant davanta-
ge vers le c6té augmentation la valeur du couple de
braquage par rapport a la valeur cible de courant.

Dispositif de direction de véhicule selon 'une quel-
conque des revendications 1 a 6, comprenant en
outre un actionneur de vibration qui fait vibrer le vo-
lant de direction ; et un moyen de commande de vi-
bration destiné a mettre en oeuvre de fagon inter-
mittente I'actionneur de vibration si une anomalie de
fourniture d’énergie électrique de la premiére source
d’énergie électrique est détectée par le moyen de
détection d’anomalie de la premiére source d’éner-
gie électrique.

Dispositif de direction de véhicule selon la revendi-
cation 7, comprenant en outre un moyen de com-
mande de proportion de durée de fonctionnement
de vibration destiné a augmenter la proportion de
durée de fonctionnement dans la mise en oeuvre
intermittente de I'actionneur de vibration en fonction
du déclin de la capacité de fourniture d’énergie de
source de la seconde source d’énergie électrique
détectée par le moyen de détection de capacité de
fourniture d’énergie de la seconde source, et pour
faire que I'actionneur de vibration soit en état de fonc-
tionnement en continu lorsque la capacité de four-
niture d’énergie de source de la seconde source
d’énergie électrique devient inférieure a un niveau
de référence.

Dispositif de direction de véhicule selon la revendi-
cation 8, comprenant en outre un moyen d’arrét de
fonctionnement destiné a arréter la mise en oeuvre
de l'actionneur de vibration et la génération de la
force d’assistance par le moteur électrique aprés
écoulement d’au moins un temps prédéterminé
aprés que la capacité de fourniture d’énergie de
source de la seconde source d’énergie électrique
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est devenue inférieure au niveau de référence.

Dispositif de direction de véhicule selon l'une quel-
conque des revendications 7 a 9,

dans lequel I'actionneur de vibration est un moteur
électrique, et

dans lequel le moyen de commande de vibration
change la quantité de courant électrique du moteur
électrique d’une maniére vibratoire durant une pé-
riode durant laquelle on fait vibrer le volant de direc-
tion.

Dispositif de direction de véhicule selon la revendi-
cation 3, comprenant en outre :

un moyen de détection de tension destiné a dé-
tecter la tension de sortie de la premiére source
d’énergie électrique ; et

un moyen de détection de courant destiné a dé-
tecter le courant de sortie de la seconde source
d’énergie électrique,

dans lequel la fourniture d’énergie de source a
partir de la premiéere source d’énergie électrique
est normale dans I'état dans lequel la tension
de sortie détectée de la premiere source d’éner-
gie électrique est supérieure ou égale a une va-
leur prédéterminée,

dans lequel le moyen de détection d’anomalie
de la premiére source d’énergie électrique dé-
termine que la fourniture d’énergie de source a
partir de la premiéere source d’énergie électrique
est anormale, lorsque la tension de sortie dé-
tectée de la premiére source d’énergie électri-
que est inférieure a la valeur prédéterminée, et
dans lequel le moyen de détection de capacité
de fourniture d’énergie de la seconde source
calcule la quantité de charge de la seconde
source d’énergie électrique en se basant sur le
courantde sortie de la seconde source d’énergie
électrique.

Procédé de commande pour un dispositif de direc-
tion de véhicule qui inclut : un mécanisme (10) de
direction qui oriente une roue d'un véhicule lors
d’'une opération de braquage d’'un volant (11) de
direction ; un moteur électrique (20) qui est alimenté
avec de I'énergie d’'une source provenant d'un dis-
positif de fourniture d’énergie électrique dans lequel
une premiére source d’énergie électrique et une se-
conde source d’énergie électrique sontinterconnec-
tées en paralléle, et qui engendre une force d’assis-
tance qui assiste I'opération de braquage du volant
(11) de direction ; un moyen (21) de détection de
couple de braquage destiné a détecter un couple de
braquage qui est entré sur le volant (11) de direction
par le conducteur du véhicule ; et un moyen de com-
mande de moteur destiné a commander I'attaque du
moteur électrique en se basant sur une caractéristi-
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que d’assistance dans laquelle une relation entre le
couple de braquage et la force d’assistance est fixée
de fagon a avoir une caractéristique telle que la force
d’assistance change en fonction au moins du couple
de braquage, comprenant les étapes consistant :

a déterminer si la fourniture d’énergie de source
par la premiere source d’énergie électrique est
ou non anormale ;

a détecter la capacité de fourniture d’énergie de
source de la seconde source d’énergie électri-
que,

caractérisé par les étapes consistant :

lorsqu’il est déterminé que la fourniture
d’énergie de source par la premiére source
d’énergie électrique est anormale, a com-
muter pas a pas la caractéristique d’assis-
tance de la caractéristique d’assistance
fixée en un temps ou la fourniture d’énergie
de source par la premiére source d’énergie
électrique était normale en une caractéris-
tigue d’assistance de temps d’anomalie
dans laquelle la force d’assistance par rap-
port au couple de braquage est fixée plus
basse que dans la caractéristique d’assis-
tance fixée en temps de normalité ; et
aprés que la caractéristique d’assistance a
été commutée pas a pas en la caractéristi-
que d’assistance de temps d’anomalie par
le moyen de commutation de caractéristi-
que d’assistance, a altérer la caractéristi-
que d’assistance de temps d’anomalie de
fagon que la force d’assistance par rapport
au couple de braquage diminue davantage
de fagon continue en fonction du déclin de
la capacité de fourniture d’énergie de sour-
ce de la seconde source d’énergie électri-
que détectée par le moyen de détection de
capacité de fourniture d’énergie de la se-
conde source.

13. Procédé de commande selon la revendication 12,

comprenant en outre :

ladétectiondelatension de sortie de lapremiére
source d’énergie électrique ; et

la détection du courant de sortie de la seconde
source d’énergie électrique,

dans lequel la fourniture d’énergie de source a
partir de la premiére source d’énergie électrique
est normale dans I'état dans lequel la tension
de sortie détectée de la premiére source d’éner-
gie électrique est supérieure ou égale a une va-
leur prédéterminée,

dans lequel il est déterminé que la premiére
source d’énergie électrique est dans un état de
fourniture anormale d’énergie électrique, lors-
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que la tension de sortie détectée de la premiére
source d’énergie électrique est inférieure a la
valeur prédéterminée, et

dans lequel la capacité de fourniture d’énergie
de source de la seconde source d’énergie élec-
trique est détectée en se basant sur le courant
de sortie détecté de laseconde source d’énergie
électrique.
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